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(54) Colnjectlon stretch blow molded container 

(57) Coinjection stretch blow molded containers 
comprising a thermoplastic polyester resin and an 
EVOH resin are obtained, which have greatly improved 
impact delamination resistance. The containers com- 
prise a thermoplastic polyester layer (layer a) and an 
ethylene-vinyl alcohol copolymer layer (layer £), with the 
layer a being kept in direct contact with the both sur- 
faces of the layer b, wherein the ethylene-vinyt alcohol 
copolymer satisfies the following formulae (1) and (2) 
and its differential scanning calorimetry (DSC) gives a 
single peak for crystal fusion: 



25 <, ETb £ 48 
92 <; SDb £ 99 



(1) 
(2) 



wherein ETb indicates the ethylene content (mol%) of 
the ethylene-vinyl alcohol copolymer, and SDb indicates 
the degree of saponification (%) of the ethylene-vinyl 
alcohol copolymer. 
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Description 

[0001] The present invention relates to coinjection stretch blow molded containers with greatly improved impact dela- 
mination resistance, which have good gas barrier properties against oxygen, carbon diox.de gas and others, good mois- 
ture-proofness, good aroma retentivity, good flavor barrier properties and good appearance, and are used as containers 
for drinks, foods, cosmetics, etc. . 
[0002] Thermoplastic polyester (PES) containers as produced through stretch blow molding have various excellent 
properties including good transparency, good mechanical characteristics and good flavor barner properties and are 
sanitary and safe for daily use as releasing few residual monomers and other harmful additives. Therefore, they have 
many applications in various fields. However, since their gas barrier properties are not always satisfactory, drinks, foods 
and others in them could be stored only a relatively short period of time. 
[00031 In order to overcome the drawback, various methods of combining a thermoplastic polyester with an ethyiene- 
vinyl alcohol copolymer (EVOH) with good gas barrier properties to give laminated structures have heretofore been pro- 
posed Prior to stretch blowing, a parison is first formed. For forming the parison. employed are c ^ n ! e ^ on mo ' din9 - 
,5 coextrusion molding, multi-stage injection molding, etc. Of those, coinjection molding is characterized in that it may be 
effected in simple apparatus, that it gives few scraps such as trimmings and others, and that the moldings produced 
through it could have a structure with an EVOH layer completely covered with a PES layer or the like and therefore, even 
though the moldings have no adhesive resin (Ad) layer between the EVOH layer and the PES ^* ot h *^% 
could be well multi-layered containers with seemingly good appearance owing to the adhesion effect of the ambient 

20 mowT SI when conventional containers filled with drinks, foods and others are shocked, for example, by drop- 
Ding them the PES layer and the EVOH layer constituting them are easily delaminated, thereby causing a serious prob- 
lem of worsening the appearance of the containers. In that situation, coinjection molded containers with an Ad layer- 
having structure of PES/Ad/EVOHVAd/PES (see JP-A-56-501040). those with an Ad JW"*™™ stru ^ e f 
2~- PES/Ad/EVOH/Ad/PES/Ad/EVOH/Ad/PES (see JP-A-50-135169. JP-A-61-15241 1, JP-A-61-152412, JP-A-61" 
" 259=44) and the like have been investigatea. However, the equipment for producing them is often extremely compli- 
cated and in addition, controlling the thickness of each layer constituting them is often difficult. Therefore, those con- 
tainers are inferior to others having no Ad layer in view of the production costs and the producibility. 
[0005] Other methods have also been investigated of blending EVOH with any other resins for '"creasing the delam- 
ination resistance of containers with no Ad layer. For example, in JP-A-1-176554. disclosed is a me ithoc id pending 
EVOH with a polyamide-ester type thermoplastic resin; in JP-A-1 -182023. disclosed is a method of blending rt with a 
meta^ontaini^polyester type thermoplastic resin; and in JP-A-3-1 75032. disclosed is a method o * 
thermoplastic polyurethane. However, blending EVOH with such other resins ,n producing con amers !°»« * e *™* 
pareney of the containers produced, and the containers will have extremely bad appearance. In addition, the blending 
increases the production costs, and, depending on the type of the resins to be blended, there will occur still another 
problem in that the melt stability of the blends will be poor. 
[0006] In JP-A-3-1 75033. disclosed is a method of adding at least one salt selected from titanium salts, cobalt salts, 
manganese salts, antimony salts and germanium salts to EVOH for increasing the domination resistance of contain- 
ers with no Ad layer. However, the method is still prob.ematic in that the effect of such a metal sa t ^ us^erein or 
40 improving the delamination resistance of containers is not satisfactory and, in addition, the melt stabil.ty of EVOH with 
the metal salt added thereto is lowered. _ _ . 

00071 In JP-A-1 -204736. disclosed is a method of blending an essential component of EVOH with a m.nor component 
of EVOH for increasing the delamination resistance of containers with no Ad layer, in which the minor cornponen EVOH 
has a larger ethylene content, a lower degree of saponification, a lower melting point and a larger melt ^x the 
essential component EVOH. However, blending two different types of EVOH, between which the difference in the eth- 
ylene content is 30 mol% or more, as in Examples of the publication, lowers the transparency o the containers pro- 
duced, and the containers will have extremely bad appearance. In addition, the blending increases the Paction costs 
and. causes the problem that the melt stability of the blends is poor. This is described ,n Comparative Example 9 of this 

m<£f 'The object of the present invention is to provide multi-layered containers with good transparency .and good gas 
barrie properties, which are produced through stretch blow molding of a parison as prepared by coinjection molding of 
a polyester resin and an EVOH resin, and in which the interlayer delamination under shock ,s prevented even though 

the containers have no adhesive resin layer. 

[00091 We the present inventors have tried producing multi-layered containers through coinjection molding to prepare 
a multi-layered parison (preform) having a structure that comprises a polyester resin layer and an EVOH layer with the 
ITZ being in direct contact with the both surfaces of the latter, followed by stretch blow ™«^« 
layered parison into a container, for which we have assiduously investigated the resins to be selected the molding and 
working conditions to be employed and others, for the purpose of preventing the interlayer delamination between the 
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foZ '"A! r '"I P0 ' yeS,er rCSin " COmainerS Pr0duced ' when ^ »oc*d 

kept in direct contact with the berth surfaces^ Z " ' 1 l^^' layer (layer »• with tn * layer a being 
* .he foiling formulae (1) and (2) and t S * '? Wh ' C ? "V'^-nyl alcohoi copolymer satisfied 

has excellent impact de.amination resistance 9 <3 " or,rnetr l' < DSC > a single peak for crysta. fusion. 

25 < ETb < 48 

92 SDb £ 99 

wherein; 

with the both surfaces of the layer b and in t^^^T^T^ ' ayer ^ bein 9 k ^ direct contec 

« b as exposed by peeling the iayert a anc Tc T^mZVZZ? 0 " ^ f r0SC0 ^ (* p S) of the surface of the layer 
.he following formu.a (3). a!so has ^^S^S^SS^T ^ ^ * *« ^ 

0.015 £ PC/(PA + PB + PC) < 0 3 

(3) 

« wherein; 

.he peak A, and P ^ B) aPPeann9 ,he s,de b * 1 - 1 lo i .8 eV than the position of 

X IS ST ^ ^ °' ^ ^ ^ k °> «^ * »• s,de higher by from 3.S to 4.3 eV than the posit,on o, 

* of 2.160 g) that satisfies the following formula ^ * * me " '" deX Mto (9/10 ™' n ' at ™'C under a load 

0.50 < l\'a S 0.9O 
40 O.lsMlb^lO 

(5) 
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25 ^ ETbl £ 48 
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99 <SDb1 
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25 < ETb2 < 48 
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92 < SDb2 < 99 
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|ETb2- ETbl) < 8 
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1 ^ (2Db2 - SDb1) s 8 
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ETb1 indicates the ethylene content (mol%) of the ethylene-vinyi alcohol copolymer (b1), 
SDb1 indicates the degree of saponification (%) of the ethylene-vinyl alcohol copolymer (b1), 
ETb2 indicates the ethylene content (mol%) of the ethyiene-vinyl alcohol copolymer (b2), and 
SDb2 indicates the degree of saponification (%) of the ethylene-vinyl alcohol copolymer (b2). 

[0014] Still preferably, the ethylene-vinyl alcohol copolymer is copolymerized with from 0.0002 to 0.2 mol% of a vinyl- 
silane compound, or contains a boron compound in an amount of from 20 to 2000 ppm in terms of the boron element. 
[001 5] Still preferably, the thermoplastic polyester layer constituting the container body has a density Da (g/cm ) that 
satisfies the following formula (12), and the ethylene-vinyl alcohol copolymer layer constituting it has a density Db 
io (g/cm 3 ) that satisfies the following formula (13): 

1.35 < Da < 1.37 ( 12 ) 



1.11 < Db < 1.20 ( 13 ) 

15 

[0016] Still preferably, the thermoplastic polyester consists essentially of an ethylene terephthalate component and 
its melting point TMa (°C) satisfies the following formula (14): 

240 ^TMa< 250 ( 14 ) 

20 . 

[0017] Still preferably, the thermoplastic polyester consists essentially of an ethylene terephthalate component and 
contains a naphthalenedicarboxylic acid component in an amount of from 0.1 to 15 mol% relative to the sum total of all 
dicarboxylic acid components constituting it, or it is prepared through polymerization using a cataJyst of a germanium 
compound. 

25 [0013] Still preferably the container body has a haze of at most 5 %. 
RRIEr DESCRIPTION OF THE DRAWINGS 



[0019] 

Fig. 1 shows the DSC chart of the EVOH resin in Example 1. 

Fig. 2 shows the DSC chart of the EVOH composition in Example 11. 

Fig. 3 shows the DSC chart of the EVOH composition in Comparative Example 9. 

Fig. 4 shows the XPS chart of the exposed EVOH layer at its surface in Example 1 . 

Fig. 5 shows the XPS chart of the exposed EVOH layer at its surface in Example 1 1 . 

Fig. 6 shows the XPS chart of the exposed EVOH layer at its surface in Comparative Example 1 . 

Fig. 7 shows the spectral transmission chart of the sheet of the polyester resin in Example 1 . 

Fig. 8 shows the spectral transmission chart of the sheet of the polyester resin in Example 5. 



40 DETAILED DESCRIPTION O F THE INVENTION 

[0020] The invention is described in detail hereinunder. 

[0021] The multi-layered container of the invention comprises a thermoplastic polyester layer (layer a) and an ethyl- 
ene-vinyl alcohol copolymer layer (layer b). 

45 [0022] As the polyester resin for the thermoplastic polyester layer (layer a) in the invention, employable is a condensed 
polymer that consists essentially of an aromatic dicarboxylic acid or its alky! ester and a diol. For more favorably attain- 
ing the object of the invention, preferred is a polyester resin consisting essentially of an ethylene terephthalate compo- 
nent. In the polyester resin to be used for the layer a in the invention, in general, it is desirable that the total proportion 
(mol%) of terephthalic acid units and ethylene glycol units constituting the polyester is at least 70 mol% relative to the 

so total mols of all constituent units that constitute the polyester, more preferably at least 90 mol%. If the total proportion 
of terephthalic acid units and ethylene glycol units constituting it is smaller than 70 mol%, the copolyester will be amor- 
phous. When hot filled, stretched containers that comprise such an amorphous copolyester will greatly shrink, and have 
poor heat resistance. In addition, their strength is lowered. Moreover, while being polymerized in a solid phase to reduce 
the oligomers therein, the resin will often soften to be glutinous, and its production is often difficult. 

55 [0023] The polyester resin for the layer a in the invention may be optionally copolymerized with any other Afunctional 
compound units except terephthalic acid units and ethylene glycol units, within the range not significantly interfering 
with the workability, the strength, the heat resistance and other properties of the resin. The proportion (mol%) of the 
additional units is preferably at most 30 mol% relative to the total mols of all constituent units that constitute the polyes- 
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ter (A), mere preferably at most 20 mol%, even more preferably at most 10 moI%. As the preferred Afunctional com- 
pound units that may be in the resin, mentioned is at least one Afunctional compound unit selected from dicarboxylic 
acid units, diol units and hydroxycarbcxylic acid units. Any and every Afunctional compound unit except terephthalic 
acid units and ethylene glycol units is employable for the purpose, including, for example, aliphatic Afunctional com- 
pound units, alicyclic Afunctional compound units and aromatic Afunctional compound units. 

[0024] As examples of the aliphatic Afunctional compound units, mentioned are divalent structure units to be derived 
from aliphatic dicarboxylic acids and their ester-forming derivatives, such as malonic acid f succinic acid, adipic acid, 
azeiaic acid, sebacic acid, etc.; form aliphatic hydroxycarboxylic adds and their ester-forming derivatives, such as 10- 
hydroxyoctadecanoic acid, lactic acid, hydroxyacrylic acid, 2-hydroxy-2-methylpropionic acid, hydroxybutyric acid, etc.; 
and from aliphatic diols such as trimethylene glycol, tetramethylene glycol, hexamethylene glycol, neopentyf glycol,' 
methylpentanediol, Methylene glycol, etc. Neopentyl glycol units are preferred as the aliphatic Afunctional compound 
units, since copolyesters comprising them are easy to produce and since the units do not lower the heat resistance of 
the multi -layered containers of the invention comprising them. 

[0025] As examples of the alicyclic Afunctional compound units, mentioned are divalent structure units to be derived 
from alicyclic dicarboxylic acids and their ester-forming derivatives, such as cyclohexanedicarboxylic acid, norbornen- 
edicarboxylic acid, tricyclodecanedicarboxyiic acid, etc.; alicyclic hydroxycarboxylic acids and their ester-forming deriv- 
atives such as hydroxymethylcyclohe*anecarboxylic acid, hydroxymethylnorbornenecarboxylic acid, 
hydroxymethyltricyciodecanecarboxylic acid, etc.; alicyclic diols such as cyclohexanedimethanol, norbornenedimetha- 
nol, tricyclodecanedimethanol, etc. Cyclohexanedimethanol units or cyclohexanedicarboxylic acid units are preferred 
as the alicyclic Afunctional compound units, since copolyesters comprising them are easy to produce and since they 
improve the drop-impact strength of the multi-layered containers of the invention comprising them and much enhances 
the transparency thereof. 

[0026] The cyclohexanedimethanol unit as referred to herein is meant to indicate at least one divalent unit selected 
from 1,2-cyclohexanedimethanol units, 1,3-cycfohexanedimethanol units and 1,4-cyclohexanedimethanol units. The 
cyclohexanedicarboxylic acid unit also referred to herein is to indicate at least one divalent unit selected from 1,2- 
cyciohexanedicarbcxylic acid units, 1 ,3-cyclohexanedicarboxylic acid units and 1 ,4-cyclohexanedicarboxylic acid units. 
[0027] Of the alicyclic Afunctional compound units noted above, mere preferred are 1 ,4-cyclohexanedimethanol units 
and 1 .4-cydohexanedicarboxylic acid units, since they are easily available and since copolyesters comprising them and 
even moldings from such copolyesters could have higher drop-impact strength. 

[0028] The aromatic Afunctional compound units may be any of aromatic dicarboxylic acid units, aromatic hydroxy- 
carboxylic acid units and aromatic diol units. Their examples include divalent units to be derived from aromatic dicarbo- 
xylic acids except terephthalic acid and their ester-forming derivatives, such as isophthalic acid, phthalic acid, 
biphenyfdicarboxylic acid, diphenyl ether-dicarbcxylic acid, diphenyl sulfonedicarboxylic acid, diphenyl ketone-dicarbo- 
xyiic acid, sodium suffoisophthaJate, 2,6-naphthalenedicarboxylic acid, 1 ,4-naphthalenedicarboxylic acid, 2,7-naphtha- 
lenedicarboxylic acid, etc.; aromatic hydroxycarboxylic acids and their ester-forming derivatives, such as 
hydroxybenzoic acid, hydroxytcluic acid, hydroxynaphthoic acid, 3-(hydroxyphenyl)propionic acid, hydroxyphenylacetic 
acid, 3-hydroxy-3-phenylpropionic add, etc.; aromatic diols such as bisphenoi compounds, hydroquinone compounds 
etc. 

[0029] At least one of isophthalic add units, phthalic acid units, naphthalenedicarboxylic acid units and 4,4 , -biphenyl- 
dicarboxylic acid units are preferred as the aromatic dicarboxylic acid units for Afunctional compound units, since copol- 
yesters comprising them are easy to produce and since the monomer costs for them are low. 

[0030] In particular, isophthalic acid is advantageous in that the moldability of copolyesters comprising it is good and 
that the range of the molding conditions for obtaining good moldings from the copolyesters is broad while the percent- 
age of failed moldings from them is low. In addition, the acid is further advantageous in that it retards the crystallization 
rate of the copolyesters comprising it to thereby prevent the moldings of the copolyesters from being whitened. 
[0031] Naphthalenedicarbaxylic acid is also advantageous in that it increases the glass transition point of copolyes- 
ters comprising it and even ina eases the heat resistance of containers comprising the copolyesters. In addition, naph- 
thaienedicarboxylic acid-copolymerized polyesters absorb UV rays, and are therefore preferably used in producing 
containers that are desired to be resistant to UV rays. 

[0032] For the purpose of protecting the contents of coinjection stretch blow molded containers from UV rays, it is 
desirable that the thermoplastic polyester to be used for producing the containers has a naphthaJenedicarboxylic acid 
component in an amount of from 0.1 to 15 mol%, more preferably from 1.0 to 10 mol%. relative to the sum total of all 
dicarboxylic add components constituting it. 2,6-naphthalenedicarboxylic acid component is preferred as naphthalen- 
edicarboxylic acid, since copolyesters comprising it are easy to produce and since the monomer cost for it is low. 
[0033] As examples of the aromatic Afunctional compound units, mentioned are diol units to be derived from 2,2- 
bis[4-(2-hydroxyethoxy)phenyl]propane. 2-{4-[2-{2-hyc*oxyethQxy)etrK^ 

pane, 2.2-bis{4-[2-(2-hydroxyethoxy)ethoxy]phenyl}propane, bis[4-(2-hydroxyethoxy)phenyl]sulfone. {4-[(2-hydrox- 
yethoxy)ethoxy]phenyl}-[4-(2-hydroxyethoxy)phenyf]sulfone, 1 , 1 -bis[4-(2-hydroxyethoxy)phenyl]cyclohexane. 1 -{4-[2- 
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(2-hydroxyethoxy)ethoxy)ethoxy]phenyi}-1-[4-(2-hydroxyethoxy)phenyl]cyclohexane, 1 ,1 -bis[4-[2-(2-hydrox- 

yethoxy)ethoxy]phenyl}cyclohexane, 2,2-bis[4-(2-hydroxyethoxy)-2,3 1 5,6-tetrabromophenyl]propane l l.4-bis(2-hydrox- 
yethoxy)benzene, 1 -(2-hydroxyethoxy)-4-[2-(2-hydroxyethoxy)ethoxy]benzene ( 1 ,4-bis[2-(2- 

hydroxyethoxy)ethoxy]benzene. etc. Of those diol units, preferred are 2,2-bis[4-(2-hydroxyethoxy)phenyl]propane units, 
5 bis[4-(2-hydroxyethoxy)phenyl]sulfone units and 1,4-bis(2-hydroxyethoxy) benzene units, since polyester resins com- 
prising any of those diol units are easy to produce while having good melt stability, and since moldings from such resins 
have good color tone and good impact resistance. 

[0034] The polyester resin to be used for the layer a in the invention may have one or more Afunctional compound 
units of those mentioned hereinabove. 

w [0035] The polyester resin for the layer a in the invention may contain a small amount of diethylene glycol units from 
diethyiene glycol, which is a dimer of an ethylene glycol component and is formed as a minor by-product in the process 
of producing the polyester resin. However, if the polyester resin for use in the invention contains a large amount of such 
diethylene glycol units, its glass transition point will lower to cause some problems in that the heat resistance of the 
resin is lowered and the resin is unfavorably colored. If so, the heat resistance, the mechanical strength and the color 

is tone of moldings such as bottles and others to be produced from the polyester resin will be degraded. Therefore, it is 
desirable that the proportion of the diethylene glycol units in the polyester resin is minimized as much as possible. For 
these reasons, it is desirable that the proportion of the diethylene glycol units in the polyester resin for use in the inven- 
tion is smaller than 3 mol%, more preferably at most 2 mol%, relative to the total mols of all constituent unrts of the pol- 
yester resin. 

20 [0036] The polyester resin to be used for the layer a in the invention may be optionally copolymenzed with any otner 
polyfunctional compound units except terephthaiic acid units and ethylene glycol units. Preferred polyfunctional com- 
pound units are derived from at least one polyfunctional compound having at least three groups selected from carboxyl 
groups, hydroxy! groups and their ester-forming groups. It is desirable that the proportion of the polyfunctional com- 
pound units to be in the polyester resin for use in the invention is at most 0.5 mol% relative to the total mols of all con- 

25 stituent units of the polyester. 

[0037] The polyfunctional compound units are net specifically defined, provided that they are derived from polyfunc- 
tional compounds having at least three, same or different groups selected from carboxyl groups, hydroxyl groups and 
their ester-forming groups. The polyfunctional compounds from which the polyfunctional compound units are derived 
may be any of polyfunctional compounds having at least three carboxyl groups only, those having at least three hydroxyl 

30 groups only, or those having at least three carboxyl and hydroxyl groups in total. 

[0038] As preferred examples of the polyfunctional compound units, mentioned are those derived from aromatic poly- 
carboxylic acids such as trimesic acid, trimellitic acid, 1,2,3-benzenetricarboxylic acid, pyromellitic acid, 1,4,5,8-naph- 
thalenetetracarboxylic acid, etc.; aliphatic polycarboxylic acids such as 1,3,5-cyclohexanetricarboxylic acid, etc.; 
aromatic polyalcohols such as 1,3,5-trihydroxybenzene, etc.; aliphatic or alicyclic polyalcohols such as trimethylolpro- 

35 pane pentaerythritol, glycerin, 1,3,5-cyclohexanetriol, etc.; aromatic hydroxycarboxylic acids such as 4-hydroxyisoph- 
thalic acid. 3- hydroxy isophthalic acid, 2,3-dihydroxybenzoic acid, 2,4-dihydroxybenzoic acid, 2,5<iihydroxybenzoic 
acid 2,6<Jihydroxybenzoic acid, protocatechuic acid, gallic acid, 2, 4<Jihydroxyphenyl acetic acid, etc.; aliphatic hydrox- 
ycarboxylic acids such as tartaric acid, malic acid, etc.; and their ester-forming derivatives. The polyester resin for use 
as the layer a in the invention may contain only one or at least two polyfunctional compound units such as those men- 

40 tioned above. 

[0039] Of those mentioned above, the polyester resin for use as the layer a in the invention preferably contains at least 
one polyfunctional compound unit to be derived from trimellitic acid, pyromellitic acid, trimesic acid, trimethylolpropane 
and pentaerythritol, in view of the easiness in producing the polyesters and of the costs for their production. 
[0040] In addition, the polyester resin for use as the layer a in the invention that optionally contains such polyfunctional 
45 compound units may further contain, as still other optional units, monofunctional compound units to be derived from at 
least one of monofunctional compounds such as monocarboxylic acids, monoalcohols, their ester-forming derivatives, 
etc 

[0041 ] In the polyester resin containing such monofunctional compound units, it is desirable that the proportion of the 
monofunctional compound units is at most 5 mol% (where the resin contains two or more different monofunctional corn- 
so pound units the proportion indicates the total of all those units) relative to the total mols of all constituent units of the 
resin This is because gelling of the resin that satisfies the requirement is retarded in many cases. More preferably, the 
proportion of the monofunctional compound units is at most 1 mol%. If the proportion of the monofunctional compound 
units is larger than 5 mol%. the polymerization rate in producing the polyester resin through melt polymerization or 
solid-phase polymerisation will be low whereby the producibility of the polyester resin is unfavorably towered. 
55 [0042] In the polyester resin for use as the layer a in the invention, the monofunctional compound units function as 
blocking compound units to block the terminal groups of the molecular chain or the terminal groups of the branched 
chains in the polyester resin, whereby the polyester resin is prevented from being too much crosslinked and from being 
gelled The monofunctional compound units are not specifically defined, but are preferably those derived from at least 
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one of monocarboxylic adds, rnoncalcchois and their ester-forming derivatives. 

[0043] As preferred examples of the monofunctional compound units, mentioned are the units derived from mono- 
functional compounds, for example, aromatic monocarboxylic acids such as benzoic acid, o-methoxybenzoic acid, m- 
methoxybenzoic acid, p-methoxybenzoic acid, o-methylbenzoic acid, m-methylbenzoic acid, p-methylbenzoic acid, 2,3- 
dimethyjbenzoic acid, 2,4^dimethylbenzoic acid, 2.5-dimethylbenzoic acid, 2,6-dimethyIbenzoic acid. 3,4-dimethylben- 
zoic acid, 3.5-dimethy!benzoic acid, 2,4,6-trimethylbenzoic acid, 2,4.6-trimethoxybenzoic acid, 3,4,5-trimethoxybenzoic 
acid, 1 -naphthoic acid. 2 -naphthoic acid, 2-biphenylcarboxylic acid, 1-naphthalenacetic acid.Vnaphthalenacetic acid, 
etc.; aliphatic monocarboxylic acids such as n-octanoic acid, n-nonanoic acid, myristic acid, pentadecanoic acid, stearic 
acid, oleic acid, linolic acid, linolenic acid, etc.; ester-forming derivatives of those monocarboxylic acids; aromatic alco- 
hols such as benzyl alcohol, 2,5-dimethylbenzyl alcohol, 2-phenethyl alcohol, phenol, 1-naphthol, 2-naphthol etc ■ 
aliphatic or alicyclic monoalcohols such as pentadecyl alcohol, stearyi alcohol, polyethylene glycol monoalkyl ethers' 
polypropylene glycol monoalkyl ethers, polytetramethylene glycol monoalkyl ethers, oleyl alcohol, cyclododecanof etc" 
The polyester resin for use in the invention may contain only one or at least two monofunctional compound units such 
as those mentioned above. 

[0044] Of the monofunctional compound units mentioned above, those to be derived from one or more monofunc- 
tional compounds selected from benzoic acid, 2,4,6-trimethoxybenzoic acid, 2-naphthoic acid, stearic acid and stearyi 
alcohol are preferred for the polyesters for use herein, in view of the easiness in producing the polyesters and of the 
costs for their production. 

[0045] In view of its moldabiiity, it is desirable that the thermoplastic polyester for use in the invention consists essen- 
tially of an ethylene terephthalate component and has a melting point TMa (°C) that satisfies the following formula (14): 



240 <. TMa Z 250 



(14) 



[0046] If its melting point TMa is higher than 250°C, the crystallization rate of the polyester resin is too high and the 
25 resin crystallizes too rapidly while it is molded through injection molding or blow molding under heat, thereby often 
resulting in that the stretch orientation of the molded resin is degraded and the shapabiirty thereof is worsened In that 
case, bottles comprising the resin will be often whitened. For these reasons, the range of the molding conditions for 
obtaining good moldings will be narrowed and the percentage of failed moldings will increase. More preferably, the melt- 
ing point TMa is not higher than 248°C. 
30 [0047] On the other hand, if the melting point TMa is lower than 240°C, the heat resistance of multi-layered containers 
comprising the polyester resin will be low. If so, in addition, since the crystallinity of the polyester resin is too much low- 
ered, the stretch orientation thereof is degraded and the mechanical strength thereof is lowered. Moreover, since the 
solid-phase polymerization temperature for the resin having such a low melting point must be inevitably lowered, the 
reaction speed for the resin is lowered, thereby causing a problem of low producibility of the resin. More preferably! the 
35 melting point TMa is not lower than 242°C, most preferably not lower than 244°C. 

[0048] In order to obtain the polyester resin having such a preferred melting point, a polyester resin consisting essen- 
tially of an ethylene terephthalate component may be copolymerized with a suitable amount of a comonomer compo- 
nent. Concretely, it is desirable that the thus-copolymerized polyester resin contains a comonomer component in an 
amount of from 1 to 6 mol%, relative to the total mols of all constituent units of the polyester. More preferably, the 
40 comonomer component content of the polyester resin falls between 1 .5 and 5 moI%. most preferably between 2 and 4 
mot%. 

[0049] In consideration of the degree of copolymerization with Methylene glycol that may be produced as a by-product 
in the process of producing the resin, some other comonomers may be added to the resin so as to make the resin copo- 
lymerized with them within the range noted above. Such other comonomers are not specifically defined for which any 
45 monomers mentioned above are usable. Above all. preferred are neopentyl glycol, cyclohexanedimethanol. cyclohex- 
anedicarboxylic acid, isophthalic acid, and naphthalenedicarboxylic acid. 

[0050] It is desirable that the polyester resin for use as the layer a in the invention has a glass transition point TGa of 
not lower than 50°C. For the purpose of preventing shrinkage of the moldings to be obtained herein, the glass transition 
point TGa of the resin is more desirably not lower than 70°C. If the polyester resin has a glass transition point TGa of 
so lower than 60°C, the moldings comprising it. especially those molded through stretch blow molding will shrink after they 
are taken out of the mold and their appearance will be poor. The shrinkage of the moldings taken out of the mold will 
be caused by the relaxation of the residual stress thereof. 

[0051] The polyester resin lor use as the layer a in the invention may be produced in various methods such as those 
to be mentioned below. 

w [0052] One preferred example of the polyester resin for use as the layer a in the invention is a polyester consisting 
essentially of an ethylene terephthalate component, and this may be produced from a starting material consisting 
mainly of a dicarboxylic acid component that comprises terephthalic add or its ester-lorming derivative, a diol compo- 
nent that comprises ethylene glycol, and optional components of being a Afunctional compound component a poiy- 
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functional component and a monofunctional component such as those mentioned above. 

[0053] In this, it is desirable that the molar ratio of (all diol components)/(a!i dicarboxylic acid components) is defined 
to fall between 1.1/1 and 2.5/1. 

[0054] To produce the polyester resin for use as the layer a in the invention, the components of the starting material 
noted above are esterified or i nter ester if ied and thereafter poiycondensed in melt. If desired, the polyester thus pro- 
duced after the melt polycondensation may be further polymerized in a solid phase. 

[0055] It is desirable that the esterification or interesterification for producing the polyester resin for use as the layer 
a in the invention is effected under a pressure of at most about 5 kg/cm 2 (as absolute pressure) or under normal pres- 
sure, at a temperature falling between 180 and 300°C, while water or alcohol being produced is evaporated away. 
[0056] The esterification may be effected in the absence of a catalyst. However, the interesterification is effected pref- 
erably in the presence of an interesterification catalyst that may be at least one of calcium, manganese, magnesium, 
zinc, titanium, sodium and lithium compounds or the like. In particular, in view of the transparency of the resin to be pro- 
duced, preferred are manganese, magnesium or titanium compounds as the catalyst. 

[0057] After having been thus esterified or interesterified, the resulting prepolymer, to which are optionally added 
additives including a polycondensation catalyst, a coloration inhibitor and others, is then poiycondensed in melt under 
a reduced pressure of at most 5 mmHg, at a temperature falling between 200 and 300°C, into a polyester having a 
desired viscosity. As the reactor for the melt polycondensation, employable are any of vertical batchwise polyconden- 
sation devices, continuous polycondensation devices comprising a horizontal, double-screw rotary reactor, etc. 
[0058] It is desirable that the polyester as obtained through the melt polycondensation has an intrinsic viscosity of 
from 0.40 to 0.90 dl/g, more preferably from 0.45 to 0.80 dl/g, in view of the easiness in handling the polyester. If the 
polyester as obtained through the melt polycondensation has an intrinsic viscosity of lower than 0.40 dl/g, its melt vis- 
cosity is too low when the polyester is taken out of the reactor. As a result, it is difficult to extrude the polyester in the 
form of strands or sheets, and in addition, it is also difficult to pelletize the polyester into uniform pellets. Moreover, a 
long period of time will be taken for increasing the molecular weight of the polyester, and this means the reduction in 
the producibility of the intended polyester. On the other hand, if the intrinsic viscosity of the polyester is higher than 0.90 
dl/g, the melt viscosity thereof is tco high. As a result, it is difficult to take out the polyester from the reactor, and, in addi- 
tion, the polyester will be thermally deteriorated and unfavorably colored. 

[0059] Where a polycondensation catalyst is used for the melt polycondensation, it may be any and every one that is 
generally used in ordinary polyester production. For example, it includes antimony compounds such as antimony triox- 
ide, etc.; germanium compounds such as germanium dioxide, germanium tetraethoxide, germanium tetra-n-butoxide, 
etc.; titanium compounds such astetramethoxytitanium, tetraethoxytitanium, tetra-n-propoxytitanium, tetraisopropoxyti- 
tanium, tetrabutoxytitanium, etc.; tin compounds such as di-n-butyltin dilaurate, di-n-butyitin oxide, dibutyltin diacetate, 
etc. These catalyst compounds may be used either singly or as combined. Of those polymerization catalysts, preferred 
are germanium compounds, since the polyester to be produced could have good color tone. In view of their cost, how- 
ever, preferred are antimony compounds. Of the germanium compounds, especially preferred is germanium dioxide; 
and of the antimony compounds, especially preferred is antimony trioxide. The amount of the polycondensation cata- 
lyst, if used, is preferably from 0.002 to 0.8 % by weight relative to the weight of the dicarboxylic acid component. 
[0060] In view of the moldability of the polyester to be produced, germanium compounds are preferred to antimony 
compounds. This is because, since the crystallization rate of the polyester as produced through polymerization using 
an antimony compound is generally higher than that as produced through polymerization using a germanium com- 
pound, the former polyester will crystallize more rapidly than the latter one when it is heated for injection molding or blow 
molding. As a result, the stretch orientation of the moldings of the former polyester is degraded and the shapability 
thereof is worsened. Specifically, bottles of the moldings will be whitened. After all, the range of the molding conditions 
for obtaining good moldings from the polyester is narrowed, and the percentage of failed moldings from it will increase. 
[0061 ] Therefore, for polyethylene terephthalate not containing any comonomer component except the by-product of 
diethylene glycol, selecting a specific catalyst is important, since the crystallization rate of the polyethylene terephtha- 
late of that type is higher than that of other polyethylene terephthalates as modified with a small amount of any other 
comonomer component. For the polyethylene terephthalate of that type, therefore, germanium compounds are prefer- 
ably used as the catalyst. 

[0062] Where a coloration inhibitor is used in the polycondensation, it may be a phosphorus compound, including, for 
example, phosphorous acid, phosphoric acid, trimethyl phosphite, triphenyl phosphite, tridecyl phosphite, trimethyl 
phosphate, tridecyl phosphate, triphenyl phosphate, etc. The phosphorus compounds may be used either singly or as 
combined. Where a coloration inhibitor of any of the phosphorus compounds noted above is used, its amount is prefer- 
ably from 0.001 to 0.5 % by weight relative to the weight of the dicarboxylic acid component. 

[0063] In order to prevent the polyester from being pyrolyzed and yellowed, a cobalt compound such as cobalt acetate 
or the like may be added thereto in an amount of from 0.001 to 0.5 % by weight, preferably from 0.05 to 0.3 % by weight, 
relative to the weight of the dicarboxylic acid component. 

[0064] In the process of producing the polyester, diethylene glycol is formed as a by-product. However, if the polyester 
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wherein; 

ETb1 indicates the ethylene content (mol%) of the ethylene-vinyl alcohol copolymer (b1), 
SDb1 indicates the degree of saponification (%) of the ethylene-vinyl alcohol copolymer (b1), 
15 ETb2 indicates the ethylene content (mol%) of the ethylene-vinyl alcohol copolymer (b2), and 
SDb2 indicates the degree of saponification (%) of the ethylene-vinyl alcohol copolymer (b2). 

[0074] In the mixture of two EVOHs (b1 , b2), the ratio by weight of b1 to b2, b1/b2, preferably falls between 10/90 and 
90/10. If the ratio by weight of b1/b2 is smaller than 1 0/90, the mixture of such two EVOHs could poorly exhibit its effect 
20 of improving the gas barrier properties of the EVOH layer. On the other hand, if the ratio, b1 /b2. is larger than 90/1 0, the 
laminate of the layers a and b will be often delaminated. For improving the delamination resistance and the gas barrier 
properties of the EVOH layer, the ratio of b1 /b2 is to more preferably fall between 20/80 and 80/20, even more preferably 
between 30/70 and 70/30. 

[0075] Preferably, the ethylene content ETb1 of EVOH (b1) falls between 25 and 48 mol%. If the ethylene content 
25 ETb1 is smaller than 25 mol%, the gas barrier properties of the EVOH layer in a high humidity condition will lower, and 
the melt moldability of EVOH will be poor. More preferably, ETb1 is at least 28 mol%, even more preferably at least 30 
mol%. If, however, the ethylene content ETb1 is larger than 48 mol%. the EVOH layer could not have good gas barrier 
properties. Preferably, ETb1 is at most 45 mol%, more preferably at most 40 mol%. 

[0076] The degree of saponification SDb1 of the vinyl ester moiety of EVOH (b1) is at least 99 %, but preferably at 
30 least 99.3 %, more preferably at least 99.5 %. If the degree of saponification SDb1 is smaller than 99 mol%, the gas 
barrier properties of the EVOH layer will be poor, and especially those in a high humidity condition are bad. 
[0077] The ethylene content ETb2 of EVOH (b2) falls between 25 and 48 mol%. If the ethylene content ETb2 is 
smaller than 25 mol%, the gas barrier properties of the EVOH layer in a high humidity condition will lower, and the melt 
moldability of EVOH will be poor. Preferably, ETb2 is at least 30 mof%, more preferably at least 35 mol%. If. however, 
35 the ethylene content ETb2 is larger than 48 mol%, the EVOH layer could not have good gas barrier properties. Prefer- 
ably ETb2 is at most 45 mol%, more preferably at most 40 mol%. 

[0078] The degree of saponification SDb2 of the vinyl ester moiety of EVOH (b2) is at least 92 %, but preferably at 
least 94 %, more preferably at least 96 %. If the degree of saponification SDb2 is smaller than 92 mol%. the gas barrier 
properties of the EVOH layer will be poor in a high humidity condition. If so, in addition, the thermal stability of EVOH is 
40 poor, and the moldings from the EVOH mixture often have gelled aggregates and fish eyes. The degree of saponifica- 
tion SDb2 is at most 99 %, but preferably at most 98 %. more preferably at most 97.5 %. If SDb2 is higher than 99 %, 
the delamination resistance of the EVOH layer will be poor. 

[0079] Where two EVOHs (b1 , b2) are mixed to give an EVOH mixture capable of being formed into films having better 
gas barrier properties, it is desirable that the difference in the ethylene content between the two, b1 and b2, is at most 

45 8 mol%. If the ethylene content difference is larger than 8 mol%, the transparency of the EVOH layer will lower. If so, in 
addition, the laminate of the layers a and fc will be often delaminated. For the purpose of increasing the transparency of 
the EVOH layer and of preventing the delamination between the layers a and b, it is mare desirable that the ethylene 
content difference between b1 and b2 is at most 4 mol%, even more desirably at most 2 mol%. 
[0080] In the EVOH mixture of two EVOHs (b1 , b2), it is also desirable that the difference in the degree of saponif ica- 

so tion between the two, b1 and b2, fails between 1 and 8 %. If the difference in the degree of saponification therebetween 
is smaller than 1 %. the delamination resistance of the EVOH layer will be poor. If, however, the difference is larger than 
8 %, the gas barrier properties of the EVOH layer will be poor in a high humidity condition. If so, in addition, the thermal 
stability of the EVOH mixture is poor, and the moldings from the EVOH mixture often have gelled aggregates and fish 
eyes. For ensuring good delamination resistance, good gas barrier properties and good thermal stability of the EVOH 

55 mixture, the difference in the degree of saponification between b1 and b2 falls more preferably between 1 .5 % and 5 %, 
even more preferably between 2 % and 4 %. 

[0081 ] Where such two EVOHs (b1 , b2) each having a different ethylene content or a different degree of saponification 
are mixed to give an EVOH mixture having better gas barrier properties, it is desirable that the mean value of the ethyi- 
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ene contents of the two, bl and b2, to be calculated from the ratio by weight of those two falls between 25 and 48 mo!%. 
If the mean ethylene content is smaller than 25 mol%, the gas barrier properties of the EVOH layer in a high humidity 
condition will be poor, and, in addition, the melt moldaJbility of the EVOH mixture will also be poor. More preferably, the 
mean ethylene content is at least 30 mol%, even more preferably at least 35 mol%. If, however, the mean ethylene con- 
5 tent is larger than A3 mol%. the EVOH layer could not have good gas barrier properties. More preferably, the mean eth- 
ylene content is at most 45 mol%, even more preferably at most 40 mol%. 

[0082] It is desirable that the EVOH mixture has a mean degree of saponification to be calculated from the ratio by 
weight of the two, bl to b2, of being at least 94 %, more preferably at least 96 %, even more preferably at least 97 %. 
If the mean degree of saponification is lower than 94 %, the gas barrier properties in a high humidity condition of the 
to EVOH layer will be poor. If so, in addition, the thermal stability of the EVOH mixture will also be poor, and the moldings 
from the EVOH mixture will often have gelled aggregates and fish eyes. Also preferably, the mean degree of saponifi- 
cation is at most 99 %, more preferably at most 98.5 %. If the mean degree of saponification is higher than 99 %, the 
delamination resistance of the EVOH layer will be poor. 

[0083] Three or more different EVOHs may be blended to form EVOH mixtures for use in the invention. In such EVOH 
75 mixtures, two of plural EVOHs shall be blended in a ratio by weight falling between 1 0/90 and 90/10 and shall satisfy 
the above-mentioned formulae (6) to (1 1). 

[0084] The ethylene content of EVOH and the degree of saponification thereof as referred to herein are obtained 
through nuclear magnetic resonance (NMR). 

[0085] EVOH for use in the invention may be copolymerized with a small amount of any other comonomers within the 

20 range not interfering with the object of the invention. Examples of the comonomers employable herein include a-olefins 
such as propylene, 1-butene, isobutene. 4-methyM -perrtene, 1-hexene. 1-octene, etc.; unsaturated carboxylic acids 
such as itaconic acid, methacrylic acid, acrylic acid, maleic anhydride, etc., their salts, partial or complete esters, 
nitrites, amides and anhydrides; vinylsilane compounds such as vinyltrimethoxysiiane etc.; unsaturated sulfonic acids 
and their salts; alkylthiols; vinylpynrolidones, etc. 

25 [0086] In particular, EVOH as copolymerized with from 0.0002 to 0.2 mo!% of a vinylsilane compound is preferred, as 
its compatibility with a coinjecting substrate resin with respect to the mert viscosity is improved, thereby enabling to 
obtain homogeneous coinjection moldings. The vinylsilane compound includes, for example, vinyftrimethoxysilane, 
vinyitriethaxysilane, vinyrtri(f3-methoxy-ethoxy)silane, y-methacryloxypropylmethoxysilane, etc. Of those, preferred are 
vinyltrimethoxysiiane and vinyltriethoxysilane. 

30 [0087] For obtaining homogeneous coinjection moldings, the amount of the comonomer, vinylsilane compound to be 
copolymerized with EVOH is preferably between 0.001 and 0.15 mot%, more preferably between 0.005 and 0.1 mol%. 
[0088] EVOH containing a boron compound also has good melt viscosity, and has the advantageous of giving homo- 
geneous coinjection moldings. The boron compound includes, for example, boric acids, borates, salts of boric acids, 
boron hydrides, etc. Concretely, the boric acid include boric acid, orthoboric acid, metaboric acid, tetraboric acid, etc.; 

35 the borates include triethyl borate, thmethyl borate, etc.; the salts of boric acids include alkali metal salts and alkaline 
earth metal salts of various boric acids such as those mentioned above, as well as borax, etc. Of those compounds, 
preferred are boric acid, orthoboric acid, and NaBH 4 . 

[0089] The boron compound content of EVOH may fall between 20 and 2,000 ppm, but preferably between 50 and 
1 ,000 ppm. more preferably between 100 and 500 ppm, in terms of the boron element. Containing the boron compound 
40 within the defined range, EVOH could be prevented from suffering from torque variation while it is in melt under heat 
However, if the boron compound content is smaller than 20 ppm, the effect of the boron compound added will be poor. 
If, on the other hand, the boron compound content is larger than 2,000 ppm, EVOH will easily gel and could not be 
molded well. 

[0090] Also preferably, EVOH for use in the invention may contain an alkali metal salt in an amount of from 5 to 5,000 
45 ppm in terms of the alkali metal element The alkali metal saft added is effective for improving the interlayer adhesive- 
ness of EVOH and for improving the compatibility thereof. 

[0091] More preferably, the amount of the alkali metal salt to be added falls between 20 and 1 ,000 ppm, even more 
preferably between 30 and 500 ppm, in terms of the alkali metal element The alkali metal includes, for example, lithium, 
sodium, potassium, etc., and the alkali metal salt may be any of salts with monovalent metals of aliphatic carboxylic 

so acids, aromatic carboxylic acids, phosphoric acids, metal complexes, etc. For example, the salt includes sodium ace- 
tate, potassium acetate, sodium phosphate, lithium phosphate, sodium stearale. potassium stearate. sodium ethylene- 
diaminetetraacetate. etc. Of those, preferred are sodium acetate, potassium acetate and sodium phosphate. 
[0092] Still preferably, EVOH tor use in the invention may contain a phosphorus compound in an amount of from 2 to 
200 ppm, more preferably from 3 to 150 ppm, even more preferably in an amount of from 5 to 100 ppm. in terms of the 

55 phosphorus element. If the phosphorus content of EVOH is smaller than 2 ppm, or larger than 200 ppm, the melt mold- 
ability and the thermal stability of EVOH will become poor. In particular, when melt molding of EVOH takes a long period 
of time, there will occur some problems with the resulting moldings in that gelled fish eyes are formed in the moldings 
and the moldings may be unfavorably colored. 
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[0093] The type of the phosphorus compound to be added to EVOH is not specifically defined. For example, employ- 
able are various acids such as phosphoric acid, phosphorous acid and others, and even their salts, etc. Phosphates, if 
used, may be in EVOH in any form of primary phosphates, secondary phosphates and tertiary phosphates, and the 
type of cations for them is not also specifically defined. However, the salts are preferably alkali metal salts and alkaline 
earth metal salts. Especially preferably, the phosphorus compound is added to EVOH in the form of sodium dihydrogen- 
phosphate, potassium dihydrogenphosphate, disodiumhydrogenphosphate, ordipotassium hydrogenphosphate. 
[0094] Within the range not interfering with the object of the invention, any of thermal stabilizers, UV absorbents, anti- 
oxidants, colorants, fillers and other resins (polyamides, polyolefins, etc.) may be blended with the EVOH resin for use 
in the invention. 

[0095] In the invention, it is important that EVOH to be used gives, in its differential scanning caiorimetry (DSC), a 
single peak for crystal fusion. The single peak for crystal fusion of EVOH is meant to indicate that the DSC chart of 
EVOH gives only one largest value or smallest vaiue for crystal fusion, and this does not apply to any other cases where 
the largest or smallest value is accompanied by some other maximum values or minimum values. However, in the case 
where none of maximum or minimum values attendant on the largest of smallest value is seen but an inflection point 
(so-called shoulder peak) is seen, the peak for crystal fusion shall be considered as a single peak. If its DSC could not 
give a single peak for crystal fusion, the EVOH layer could not have good transparency, and its delamination resistance 
is poor. 

[0096] In the invention, it is also important that the melting point TMb of EVOH to be used falls between 140°C and 
1 90°C. If its melting point TMb is lower than 140°C. the EVOH layer could not have good gas barrier properties. Prefer- 
ably, the TMb is not lower than 145°C, more preferably not lower than 150°C. On the other hand, however, if the melting 
point TMb is higher than 190°C, the delamination of the EVOH layer formed in multilayered containers will much 
increase. Preferably, TMb is not higher than 185°C, more preferably not higher than 180°C. 

[0097] EVOH having a melting point that falls within the defined range can be prepared by controlling its ethylene con- 
tent and its degree of saponification both to fall within specific ranges. 

[0098] Preferably. EVOH for use in the invention has a melt index (Mlb, at 1 90°C under a load of 2, 1 60 g, as measured 
according to JIS K721C) falling between 0.1 and 10 g/10 min. If Mlb is lower than 0.1 g/10 min, the fluidity of EVOH in 
melt molding will be poor, thereby resulting in that the injection load for EVOH increases to interfere with rapid continu- 
ous operation. If so, in addition, the resulting moldings will have gelled aggregates and fish eyes. Moreover, multi-lay- 
ered containers of the moldings will have weld lines of resin flow spots, by which their appearance is much degraded. 
Mlb is more preferably at least 0.5 g/10 min. On the other hand, however, if Mlb is larger than 10 g/10 min, the drop 
impact strength of the layer £ in the resulting multi-layered containers will lower, and the gas barrier properties of the 
dropped containers will become poor. In addition, in molding machines where a large number of moldings are produced 
all at a time, the amount of EVOH to be injected into each mold could not be stabilized and homogeneous molding will 
be difficult. To make matters worse, the thickness distribution in the axial direction of EVOH in the multilayer-injected 
parison could not be uniform, and, in addition, even the thickness distribution in the direction vertical to the axis of 
EVOH is also not uniform in such a manner the thickness of the EVOH layer is larger in the lip area of the parison while 
that of the EVOH layer is smaller in the body area thereof. As a result, the gas barrier properties of the resulting multi- 
layered containers from the parison are not good, and, in addition, the appearance thereof is not also good since the lip 
area thereof is unfavorably whitened. More preferably, Mlb is at most 8 g/10 min, even more preferably at most 6 g/10 
min. 

[0099] Methods for producing the multi-layered containers of the invention are mentioned below. 
[0100] A multi-layered container precursor (parison) is formed generally in a molding machine equipped with two 
injection cylinders. In the molding machine of that type, the single mold is once clamped, and thereafter a molten PES 
resin and a molted EVOH resin are coinjected thereinto from the separate injection cylinders for the two not synchro- 
nized for their injection timing, both through alternate and/or concentric nozzles. The coinjection in that manner gives 
the intended multi-layered parison. Concretely, for example, (1) PES for the inner and outer layers is first injected, and 
then EVOH for the interlayer is injected to give a three-layered container parison of PES/EVOH/PES; or (2) PES for the 
inner and outer layers is first injected, then EVOH is injected while, at the same time or after the EVOH injection. PES 
to be the core layer is again injected to give a five-layered container parison of PES/EVOH/PES/EVOH/PES. Anyhow, 
for producing the parisons of the invention, employable are any ordinary methods for producing ordinary bottomed pah- 
sons in which the interlayer is completely sealed with the inner and outer PES layers. Therefore, the parison production 
in the invention does not require any special equipment. 

[0101 ] Regarding the condition for injection molding to give the bottomed parisons, it is desirable that PES is injected 
at a temperature falling between 250°C and 330°C, more preferably between 270°C and 320°C, even more preferably 
between 280°C and 310°C. If the injection temperature for PES is lower than 250°C, the PES pellets could not be well 
melted and the resulting moldings will have fish eyes of the non-molten PES pellets, by which their appearance is wors- 
ened. In addition, the non-molten PES pellets existing in the moldings will lower the mechanical strength of the mold- 
ings. In some extreme cases, the screw torque for the PES injection will much increase whereby the molding machine 
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will have operation trouble. On the other hand, however, if the injection temperature for PES is higher than 330°C, PES 
will be much degraded to have a lowered molecular weight, whereby the mechanical strength of the resulting moldings 
will be lowered in addition, the PES degradation at such high temperatures gives some vapors of acetaidehyde and the 
like, by which the properties of the contents to be filled in the molded containers will be worsened. Moreover, the oti- 
5 gomers resulting from the PES degradation will greatly soil the mold, and the moldings as molded in the mold thus 
soiled with such oligomers will have bad appearance. 

[0102] For EVOH, it is desirable that it is injected at a temperature falling between 1 70°C and 250°C, more preferably 
between 180°C and 240°C, even more preferably between 190°C and 230°C. If the injection temperature for EVOH is 
lower than 1 70°C. the EVOH pellets could net be well melted and the resulting moldings will have fish eyes of the non- 
ic molten EVOH pellets, by which their appearance is worsened. In some extreme cases, the screw torque for the EVOH 
injection will much increase whereby the molding machine will have operation trouble. On the other hand, however, if 
the injection temperature for EVOH is higher than 250*0, EVOH will be much degraded or gelled, whereby the appear- 
ance of the resulting moldings will be poor and the moldings will be unfavorably colored. In addition, the EVOH flow 
being injected will be disordered by the vapors formed through the EVOH degradation and by the gels of EVOH. 
15 whereby the EVOH layer formed will have failed parts and the barrier properties of the layer will be lowered. In some 
extreme case, the EVOH gels will make it impossible to continue the injection molding operation. 
[0103] It is desirable that the temperature of the hot runner parts through which PES and EVOH run to be injected 
into the mold fails between 220°C and 3C0°C, more preferably between 240°C and 280°C, even more preferably 
between 250°C and 270°C. If the temperature of the hot runner parts is lower than 220°C. PES will crystallize and soiid- 
20 ify in the part. If so. the molding operation will become difficult. On the other hand, however, if the temperature of the 
hot runner parts is higher than 300°C, EVOH will be much degraded or gelled, whereby the appearance of the resulting 
moldings will be poor and the moldings will be unfavorably colored. In addition, the EVOH flow being injected will be 
disordered by the vapors formed through the EVOH degradation and by the gels of EVOH. whereby the EVOH layer 
formed will have failed parts and the barrier properties of the layer will be lowered. In some extreme case, the EVOH 
25 gels will make it impossible to continue the injection molding operation. 

[0104] In order to ensure good delamination resistance of the multi-layered containers to be obtained from the bot- 
tomed parisons through stretch blowing, it is important that the crystallization of PES and EVOH is minimized as much 
as possible in the injection molding stage for preparing the parisons. In that condition, the parisons could be uniformly 
stretched into good containers having good delamination resistance, high transparency and good shape retentivriy. To 
3c retard the crystallization of PES and EVOH in the parisens, it is desirable that the mold temperature is defined to fall 
between 0°C and 70°C, more preferably between 5 a C and 50°C, even more preferably between 10°C and 30°C. If the 
mold temperature is lower than 0°C, the dew formed around the mold will worsen the appearance of the parisons, from 
which good moldings could not be obtained. On the other hand, if the mold temperature is higher than 70°C, the' crys- 
tallization of PES and EVOH in the parisons will be promoted. As a result, the parisons could not be uniformly stretched, 
35 and the delamination resistance of the moldings to be obtained from them through stretch blow molding will be low. In 
addition, it is difficult to obtain moldings of the intended shape. Moreover, the PES crystallization lowers the transpar- 
ency of the moldings. 

[01 05] Regarding the thickness of the parison, its total thickness is preferably between 2 and 5 mm, and the thickness 
of the EVOH layers is preferably between 10 and 500 urn in total. 

40 [0106] The thus-prepared, mufti-layered parison is directly or after having been re-heated with a heating means such 
as a block heater, an 1R heater or the like, transferred into the next stretch-blowing step, in which it is stretched one- to 
five-fold in the machine direction, and thereafter blown one- to four-fold with compressed air into a multi-layered, 
stretch-blown polyester container with the EVOH resin layer being monoaxially or biaxJally oriented. 
[0107] In this step, if the temperature at which the multi-layered parison is heated is too high, the polyester will easily 

45 crystallize whereby the stretch-blown container is whitened and its appearance becomes poor. \t so. in addition, the 
delamination of the stretch-blown container will increase unfavorably. On the other hand, if the temperature at which the 
multi-layered parison is heated is too low, the polyester will be crazed to be pearly whereby the transparency of the 
resulting stretch-blown container will be lowered. For these reasons, the temperature of the multi-layered parison being 
heated preferably falls between 85°C and 140°C, more preferably between 90°C and 130°C, even more preferably 

so between 95°C and 120°C. 

[0108] The total thickness of the body part of the multi-layered container of the invention generally falls between 100 
urn and 3 mm, and may vary depending on the use of the container. In that part of the container, the total thickness of 
the EVOH layers is preferably between 2 and 200 ^m, more preferably between 5 and 100 ^im. 
[0109] It is desirable that the intrinsic viscosity IVa of the polyester resin for the layer a of the multi-layered container 

55 of the invention falls between 0.60 and 0.90 dl/g, in view of the mechanical strength, the appearance and even the pro- 
ducibility of the moldings. If the intrinsic viscosity IVa is smaller than 0.60 dl/g, the mechanical strength of the moldings 
will be low and, in addition, the polyester resin will much crystallize while heated in the step of parison molding or in the 
subsequent step of blow molding. As a result, the stretch orientation of the moldings will be degraded or the parison will 
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fail to be well stretched, and, after all, the transparency of bottles of the moldings will be low. More preferably, IVa is at 
least 0.65 dl/g, even more preferably at least 0.70 dl/g. On the other hand, however, if the intrinsic viscosity IVa is higher 
than 0.90 d!/g, the melt viscosity of the polyester resin will be too high and the resin could not be molded through injec- 
tion into parisons. Moreover, while the parisons are stretch-blown, the resin therein will be unevenly stretched to signif- 
icantly worsen the appearance of the resulting moldings. Anyhow, the polyester resin of which the intrinsic viscosity IVa 
falls outside the defined range causes such various molding failures. More preferably, IVa is at most 0.85 dl/g. 
[0110] The intrinsic viscosity IVa noted above is of the polyester that forms the layer a of the multi-layered container 
of the invention. Therefore, in consideration of the fact that the intrinsic viscosity of the polyester having been formed 
into the layer a through melt molding shall lower in some degree, it is desirable that the intrinsic viscosity of the starting 
polyester chips for the layer a is larger than the defined range in some degree. 

[0111] The terminal carboxyl concentration Ca of the polyester resin for the layer a of the multi-layered container of 
the invention is desirably at most 40 microequivalents/g in order that the polyester resin itself could have good melt sta- 
bility and good coloration resistance and that the surfaces of the extruded moldings comprising the resin could be well 
prevented from being roughened. More desirably, Ca is at most 30 microequivalents/g. If its terminal carboxyl concen- 
tration Ca is larger than 40 microequivalents/g. the polyester resin will have poor thermal stability, when melted, and will 
be much degraded to have a greatly lowered molecular weight. If so, in addition, the moldings comprising the resin will 
be greatly colored. 

[01 1 2] The terminal carboxyl concentration Ca noted above is of the polyester that forms the layer a. of the multi-lay- 
ered container of the invention. Therefore, in consideration of the fact that the terminal carboxyl concentration of the pol- 
yester having been formed into the layer 3 through melt molding shall increase in some degree, it is desirable that the 
terminal carboxyl concentration of the starting polyester chips for the layer a is smaller than the defined range in some 
degree. 

[01 1 3] It is desirable that the oligomer (ethylene terephthalate cyclic trimer) content CTa of the polyester resin for the 
layer a. of the multi-layered container of the invention is at most 2 % by weight. When the polyester resin having such a 
low oligomer content is molded, few oligomers will adhere to the mold to soil them, by which, therefore, the appearance 
or :he moldings comprising the resin is degraded little. In addition, in that condition, the step of cleaning the mold and 
other parts of the molding machine used could be omitted, and the producibility of the moldings is high. For the purpose 
of well protecting the mold from being soiled by the oligomers, the oligomer content CTa is more preferably at most 1 .5 
% by weight, even more preferably at most 1 .0 % by weight. 

[01 14] The oligomer content CTa noted above is of the polyester that forms the layer a of the multi-layered container 
of the invention. Therefore, in consideration of the fact that the oligomer content of the polyester having been formed 
into the layer a through melt molding shall increase in some degree, it is desirable that the oligomer content of the start- 
ing polyester chips for the layer a is smaller than the defined range in some degree. 

[01 1 5] It is desirable that the thermoplastic polyester layer constituting the body of the multi-layered container of the 
invention has a density Da (g/cm 3 ) that satisfies the following formula (12): 

1.35* Da £1.37 ( 12 ) 

If the density Da of the thermoplastic polyester layer is smaller than 1 .35 g/cm 3 , the layer will be stretched insufficiently 
and its mechanical strength will be low. If so, in addition, the layer will be greatly shrunk when the container comprising 
it is heated for hot filling or sterilization. More preferably, Da is at least 1 .353 g/cm 3 . even more preferably at least 1 .355 
g/cm 3 . On the other hand, however, if Da is higher than 1 .37g/cm 3 . the delamination of the multi-layered container com- 
prising the layer will increase. More preferably, Da is at most 1 .367 g/cm 3 , even more preferably at most 1.365 g/cm . 
[01 1 6] It is desirable that EVOH for the layer £ of the multi-layered container of the invention has a density Db of falling 
between 1 . 1 1 dl/g and 1 .20 dl/g. If the density Db is smaller than 1.11 dl/g. the layer & of EVOH could not have good 
gas barrier properties. More preferably. Db is at least 1.12 dl/g, even more preferably at least 1.13 dl/g. On the other 
hand, however, if the density Db is larger than 1,20 dl/g, the delamination of the multi-layered container comprising the 
layer of EVOH will increase. More preferably, Db is at most 1 .19 dl/g, even more preferably at most 1.18 dl/g. 
[01 17] It is desirable that the internal haze of the body of the multi-layered container of the invention, which is meas- 
ured according to the method mentioned below, is at most 5 %. If the internal haze is larger than 5 %, the appearance 
of the multi-layered container is not good. More preferably, the internal haze is at most 4 %, even more preferably at 

most 3 %. cwi^lj 
[0118] Further surprisingly, we, the inventors have found that the molecular structure of the surface of the EVOH layer 
at the interface between the polyester layer (layer aj and the EVOH layer (layer b) constituting the multi- layered con- 
tainer of the invention has a significant influence on the delamination at the interface between those layers. Specifically, 
the presence of a large amount of ester groups in the surface of the layer & at the interface between the layers a and & 
significantly retards the delamination between those layers. 

[01 1 9] Concretely in the multi-layered container of the invention that comprises a thermoplastic polyester layer (layer 
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a) and an ethylene -vinyl alcohol copolymer layer (layer b) with the layer a being kept in direct contact with the both sur- 
faces of the layer & it is important that the X-ray photoelectron spectroscopy (XPS) of the surface of the layer as 
exposed by peeling the layers §_ and £ of the body of the container at their interface shall give a pattern that satisfies the 
following formula (3): 

0.015 < PC/(PA + PB + PC) < 0.3 (3) 

wherein PA indicates the area of the highest peak (peak A) of the peaks for the binding energy of C1s electrons, PB 
indicates the area of the peak (peak B) appearing in the side higher by from 1 .1 to 1 .8 eV than the position of the peak 
A, and PC indicates the area of the peak (peak C) appearing in the side higher by from 3 6 to 4.3 eV than the position 
of the peak A. 

[0120] In the XPS pattern of the surface of the layer b at the interface between the layers a and b. the peak B that 
appears in the side higher by from 1 .1 to 1 .8 eV than the position of the highest peak (peak A) of all peaks for the bind- 
ing energy of Cis electrons is assigned to the carbon atoms of the mam chain to which an oxygen atom is directly 
bonded, or that is, to the carbon atoms of the main chain to which a hydroxyl group or an acetoxy group is bonded via 
its oxygen atom; the peak C that appears in the side higher by from 3.6 to 4.3 eV than the position of the peak A is 
assigned to the carbon atoms of the ester groups in the polymer; and the peak A is assigned to the other carbon atoms 
constituting the polymer. 

[0121] Therefore, the peak area (PA, PB and PC) corresponding to each peak shaJl indicate the relative amount of 
the carbon atoms to which each peak is assigned, and the formula (3) is to define the proportion of the carbon atoms 
derived from the ester groups, relative to all carbon atoms, in the surface of the layer b at the interface between the lay- 
ers a. and £ at which the layers have been peeled. The peak area (PA, PB and PC) corresponding to each peak is cal- 
culated according to the method described in the Examples to be mentioned hereinunder. 

[0122] rf the value of the formula (3) is smaller than 0.015, the delamination between the layers a and b will be great. 
On the other hand, however, if the value of the formula (3) is larger than 0.3, the gas barrier properties of the multi-lay- 
ered container comprising the layers a and £ will be poor. In order that the container could have better gas barrier prop- 
erties, the value is preferably at most 0.25, more preferably at most 0.2. 

[0123] For example, the EVOH resin used in Example 1 has an ethylene content of 44 mol% and a degree of sapon- 
ification of 97 %. Therefore, in order that the layer of the EVOH resin could be entirely homogeneous therein, the cal- 
culated proportion of the carbon atoms derived from the ester groups, relative to all carbon atoms constituting the resin, 
is to be 0.008. In fact, however, it is known that, in the coinjection stretch blow molded container as obtained in Example 
1 , the proportion of the ester groups remaining in the surface of the EVOH layer as exposed by peeling the EVOH layer 
and the polyester layer at their interface is 0.023. This means that the concentration of the ester groups was concen- 
trated about 4-fold in the surface of the EVOH layer in Example 1 . 

[0124] Tne reason why the ester groups are locally concentrated in the surface of the EVOH layer is not completely 
clarified as yet, but it is believed that, while the melt of EVOH is injected and molded with being kept in direct contact 
with a polyester, the ester groups of EVOH having high affinity for the polyester will be concentrated in the surface of 
the resulting EVOH layer. As a result, rt rs believed that functional groups having high affinity for the polyester could be 
concentrated in the surface of the EVOH layer to thereby retard the delamination between the EVOH layer and the pol- 
yester layer. 

[0125] The multi-layered containers comprising a polyester resin and an EVOH resin and produced in the manner 
mentioned hereinabove, especially those as produced through coinjection stretch blow molding are, when shocked, 
prevented from being delaminated, even though they do not have an adhesive resin layer, and. in addition, they have 
good transparency and good gas barrier properties. 

[0126] The containers are suitable for preserving various materials therein in good condition for a long period of time, 
and are especially useful as those for various drinks such as carbonated drinks, beer, wine and others, and also for var- 
ious foods, cosmetics, etc. 

[0127] The invention is described in more detail with reference to the following Examples, which, however, are not 
intended to restrict the scope of the invention. In the following Examples, the samples were analyzed and evaluated 
according to the methods mentioned below. 

(1) Constituent Unit Contents of Polyester; 

[0128] A polyester sample to be analyzed is subjected to 1 H-NMR (nuclear magnetic resonance) using JOEL'S J NM- 
GX-500 Model, for which the solvent is trifluoroacetic acid deuteride, and the constituent unit contents of the polyester 
are obtained from the resulting 1 H-NMR spectral chart. 
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(2) Intrinsic Viscosity (IVa) of Polyester: 

[0129] A sample is taken out of the polyester layer of the body part of a multi-layered container to be analyzed, and 
its viscosity is measured in a 1/1 (by weight) mixture of solvents, phenol and tetrachloroethane, at 30°C, for which is 
used an Ubbelohde's viscometer (HRK-3 Model from Hayashi Seisakusho). 

(3) Glass Transition Point (TGa) and Melting Point (TMa) of Polyester: 

[0130] A sample is taken out of the polyester layer of the body part of a multi-layered container to be analyzed, and 
its glass transition point (TGa) and melting point (TMa) are measured through differential scanning colorimetry (DSC) 
according to JIS K7121 , for which is used a differential scanning colorimeter (DSC) of RDC220/SSC5200H Model (from 
Seiko Electronics Industry). Precisely, in the device, the sample is kept at 280°C for 5 minutes, then cooled to 30°C at 
a cooling rate of 100°C/min, kept at the temperature for 5 minutes, and then heated at a heating rate of 10°C/min. 
Through the heat cycle, TGa and TMa of the sample are obtained. For temperature calibration, used are indium and 
lead. The glass transition point as referred to herein indicates the midway glass transition point (Tmg) according to JIS 
K7121 , and the melting point also referred to herein indicates the peak point in melting (Tpm) according to the same. 

(4) Terminal Carboxyl Concentration (Ca) of Polyester: 

[01 31 ] 0.2 g of a polyester sample as taken out of the polyester layer of the body part of a multi-layered container to 
be analyzed is dissolved in 10 ml of benzyl alcohol heated at 215°C, to which is added 10 ml of chloroform. The result- 
ing sample solution is titered with a solution of sodium hydroxide in benzyl alcohol. 

(5) Oligomer (cyclic trimer) Content (CTa) of Polyester: 

[0132] 100 mg of a polyester sample as taken out of the polyester layer of the body part of a multi-layered container 
to be analyzed is dissolved in 2 ml of chloroform/1 , 1 ,3.3,3-hexafluoro-2-propanol (1/1 , by volume), and diluted with 8 ml 
of additional chloroform. Acetonitrile is added to this to make 100 ml in volume, by which the polymer component is 
reprecipitated. This is then filtered to obtain a filtrate. This filtrate is subjected to high -performance liquid chromatogra- 
phy (column: Chemco's ODS-II) using an eluent of an aqueous solution of 75 vol% acetonitrile, for quantitative analysis 
based on the UV and visible absorbance and the refractive index to obtain the ethylene terephthalate cyclic trimer con- 
tent (wt.%) of the sample. 

(6) Ethylene Content and Degree of Saponification of EVOH: 

[0133] The ethylene content and the degree of saponification of EVOH are obtained from the 1 H-NMR (nuclear mag- 
netic resonance) spectral chart of EVOH in a solvent of dimethyl sulfoxide deuteride, for which is used JOEL'S JNM-GX- 
500 Model. 

(7) Melting Point of EVOH (TMb): 

[0134] A sample is taken out of the EVOH layer of the body part of a multi-layered container to be analyzed, and its 
melting point (TMb) is measured through differential scanning colorimetry (DSC) according to JIS K7121, for which is 
used a differential scanning colorimeter (DSC) of RDC220/SSC5200H Model (from Seiko Electronics Industry). Pre- 
cisely, in the device, the sample is kept at 240°C for 5 minutes, then cooled to 30°C at a cooling rate of 100°C/min, kept 
at the temperature for 5 minutes, and then heated at a heating rate of 10°C/min. Through the heat cycle, TMb of the 
sample is obtained. For temperature calibration, used are indium and lead. The melting point referred to herein indi- 
cates the peak point in melting (Tpm) according to JIS K7121 . 

(8) Melt Index (Mlb) of EVOH: 

[0135] This is measured, using a melt indexer, L244 (from Takara Industry). Concretely, EVOH chips are filled into a 
cylinder having an inner diameter of 9.55 mm and a length of 1 62 mm, melted therein at 190°C. To the resulting EVOH 
melt, uniformly applied is a load of a plunger having a weight of 2, 1 60 g and a diameter of 9.48 mm, by which the EVOH 
is extruded out of the cylinder through the center orifice having a diameter of 2.1 mm, whereupon the flow rate (g/10 
min) of the EVOH melt being extruded out is measured. This indicates the melt index Mlb of the EVOH sample. 
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(9) Phosphoric Acid Radical Content of EVOH: 



Pie q uant.ca t ,cn ,s based on « he cation cur^«SS o^Tl^^ ^ ^ 



(10) Na. K, Mg Ion Contents of EVOH: 



(11) Density (Db) of EVOH 
[0138] 

contair r 

25 ane/carbon tetrachloride at 25°C 

(12) Density (Da) of Polyester 



ane/cartoon tetracWoff aS •£ * ° H SamP ' 6 ' S me3SUred in a densi * 9 radient **« ^ n-h«- 



ane/carbon tetrachloride ^ * ^ SamP ' e ' S m6aSUred in 3 denSlty aradient 1U > e ^ 

(13) Frequency of Delamination of Multi-Layered Container: 

Frequency of Delamination (%) = [(number of delaminated bottJes)/1 00] x 1 00. 

(14) Haze Value of Multi-Layered Container: 

22 arS^na^ze 9 ^2 of t^T* T'^ W ° ^ ™* *" Terence at rts 

tance/complete S^^^^^TT ^T^* 3 P ° iC '°^^<** V* transmit- 
ASTM D1003-61 TheS™ vetoed r~ V C °'° r Technol W Laboratories) according to 

3,3 are av9ra 9ed. and the resulting mean value indicates the haze value of the bottle. 

(15) Oxygen Transmission Rate Through Multi-Layered Container: 

[0142] Bottle samples to be analyzed are conditioned at 20«C anri fi«? «/ hu ^ , h 

through each bottle ml/bottfe.dav.afm ic m^L.r^ Z. ' and me ^W** transmission rate 

10/50A (from M(Jem ConTd) " transmission device. OX-TRAN- 

(16) XPS of EVOH Layer (at its surface) of Body of Container: 
[0143] ^tneX-rayphotoeiectronspe^^ 
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be analyzed, used is Shimadzu Corporation's AXIS-HSi. For this, the polyester layer (layer aj and the EVOH layer (layer 

of the container body are peeled, and the exposed interface of the EVOH layer is subjected to XPS. 
[0144] Concretely, the exposed sample is fixed in the device, and its element constitution is qualitatively determined 
through wide scanning measurement (from 0 to 1 ,100 eV). Next, the sample is subjected to narrow scanning measure- 
5 ment for peak integration of each element, for a total of 30 minutes. For this, the pressure is 1 x 1 0" 7 Pa, and Ka of Mg 
is used as the excitation source. The electric field condition is 15 kV and 8 mA. 

[0145] In the XPS chart, the highest peak (peak A) of the peaks for the binding energy of C1s electrons appears at 
around 285 eV. Based on the peak top of the peak A, obtained are the peak area of the peak A, the peak area of the 
second peak (peak B) appearing in the side higher by from 1.1 to 1 .8 eV than the position of the peak A, and the peak 
w area of the third peak (peak C) appearing in the side higher by from 3.6 to 4.3 eV than the position of the peak A, and 
these are referred to as PA, PB and PC, respectively In calculating each area, employed is a linear method for back- 
ground correction in waveform separation, and the curve fitting is based on Gaussian curve fitting 100 %. The value of 
PC/(PA + PB + PC) is obtained from the peak area values PA, PB and PC thus measured. 

15 (17) Transmission Spectrum of Polyester Resin: 

[0146] A polyester resin sample to be analyzed is molded through hot pressing at 280°C into a sheet having a thick- 
ness of 300 jim. The spectral transmission chart of the sheet is obtained, using a UV-visible spectrometer, UV-2100 
(from Shimadzu Corporation). 

20 

Example 1 : 

[0147] The polyester resin used herein was prepared according to the method mentioned below. 

25 (1) 100.000 parts by weight of terephthalic acid and 44.830 parts by weight of ethylene glycol were made into a 
siurry. tc which were added 0.010 parts by weight of germanium dioxide, 0.01 0 parts by weight of phosphorous acid 
and 0.010 parts by weight of tetraethylammonium hydroxide. The resulting slurry was heated under pressure 
(absolute pressure of 2.5 kg/cm 2 ) at 250°C for esterification to a degree of up to 95 %, thereby giving an oligomer. 
The resulting oligomer was subjected to melt polycondensation under a reduced pressure of 1 mmHg at a temper- 

30 ature of 270°C to obtain a polyester prepolymer having an intrinsic viscosity of 0.50 dl/g. The resulting polyester 
prepolymer was extruded through a nozzle into a strand, cooled with water, and pelletized into columnar pellets 
(diameter: about 2.5 mm, length: about 2.5 mm). The resulting pellets were pre-dried at 160°C for 5 hours and crys- 
tallized. Thus was obtained a crystallized polyester prepolymer. 

(2) The constituent unit contents of the polyester prepolymer prepared in (1) were measured through NMR. The 
35 terephthalic acid unit content, the ethylene glycol unit content and the diethylene glycol (by-product) unit content of 
the polyester prepolymer were 50.0 mol%, 48.9 mol% and 1.1 mol%, respectively. The terminal carboxyl content 
and the melting point of the polyester prepolymer were measured according to the methods mentioned herein- 
above, and were 38 microequivalents/g and 253° C, respectively. 

Next, the polyester prepolymer was pre<Jried at 160°C for 5 hours and crystallized. 
40 (3) The crystallized polyester prepolymer was subjected to solid-phase polymerization in a rolling-type, vacuum, 
solid-phase polymerization device, under a reduced pressure of 0.1 mmHg at 220°C for 10 hours, into a polyester 
resin having an increased molecular weight. 

(4) The constituent unit contents of the polyester resin prepared in (3) were measured through NMR. The tereph- 
thalic acid unit content, the ethylene glycol unit content and the diethylene glycol unit content of the polyester resin 
45 were 50.0 mol%, 48.9 mol% and 1.1 mol%, respectively. 

[0148] The intrinsic viscosity, the melting point, the glass transition point TGa, the terminal carboxyl content and the 
cyclic trimer content of the polyester resin were 0.83 dl/g, 252°C, 80°C, 22 microequivalents/g and 0.32 % by weight, 
respectively. 

so [0149] Fig. 7 shows the spectral transmission chart of a sheet of the polyester resin obtained herein. 

[0150] As the EVOH resin, used herein was EVOH having an ethylene content (ETb) of 44 mol%, a degree of sapon- 
ification (SDb) of 97.0 %, a melt index (Mlb, at 190°C under a load of 2,160 g) of 5.3 g/10 min, and a melting point of 
154°C. The phosphoric acid radical content, the Na ion content, the K ion content and the Mg ion content of this EVOH 
were measured, and were 80 ppm, 75 ppm, 31 ppm and 20 ppm, respectively 

55 [0151] Fig. 1 shows the DSC chart of the EVOH resin, in which is seen a single peak for crystal fusion. 

[0152] From those resins, obtained was a two-resin, three-layered parison of PES/EVOH/PES, through coinjection 
molding, for which was used a coinjection stretch blow molding machine (ASB-50HT Model from Nissei ASB - this is for 
2 moldings of 750 ml each). Concretely, the temperature of the PES injection zone was 290°C; the temperature of the 
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EVOH injection zone was 220°C; the temperature of the hot runner block in which the two resins, PES and EVOH are 
combined was 260°C; the temperature of the injection mold core was 15°C; and the temperature of the injection mold 
cavity was 1 5°C. 

[0153] Next, the resulting parison was heated at 105°C at its surface, and subjected to stretch blow molding into a 
5 two-resin, three-layered, coinjection stretch blow molded bottle. In the body part of the bottle, the inner layer of PES had 
a mean thickness of 200 um, the interlayer of EVOH had a mean thickness of 20 |irn, and the outer layer of PES had a 
mean thickness of 70 fim. 

[0154] In the body part of the bottle, PES of the inner and outer layers was taken out, and the density Da, the intrinsic 
viscosity IVa, the melting point TMa, the terminal carboxyl content Ca and the cyclic trimer content CTa of the thus- 
70 taken out PES were measured. The data are shown in Taoie 1 . 

[0155] In the body part of the bottle, EVOH was taken out, and its melting point TMb and density Db were measured. 
The data are shown in Table 2. 

[0156] Fig. 4 shows the XPS chart of the exposed EVOH layer at its surface, in which the ratio of the peaks by area, 
PA:PB:PC = 65.69:32.01:2.30, and the value of PC/(PA + PB + PC) was 0.0230 . 
75 [0157] The frequency of delami nation of the bottles, the haze of the body part of the bottles, and the oxygen trans- 
mission rate through the bottles were measured, and the data are shown in Table 4. 

[0158] The thermal stability of EVOH used herein was confirmed as follows: The two resins. EVOH and PES prepared 
herein were molded into a two-resin, three-layered parison of PES/EVOH/PES, through coinjection molding, for which 
was used the same coinjection stretch blow molding machine as above. Concretely, the temperature of the PES injec- 
20 tion zone was 290°C; the temperature of the EVOH injection zone was 220°C; the temperature of the hot runner block 
in which the two resins, PES and EVOH are combined was 260°C; the temperature of the injection mold core was 15°C; 
and the temperature of the injection mold cavity was 15 C C. In that condition, the two resins PES and EVOH were kept 
in the injection zones and in the hot runner block for 30 minutes, and thereafter injected into the mold. The parison thus 
molded was yellowed in some degree, but had no gel. Its appearance was good. 

25 

Example 2: 

[0159] A thermoplastic polyester was prepared in the same manner as in Example 1, except that 0.035 parts by 
weight of antimony trioxide was used as the polymerization catalyst, in place of germanium dioxide. The terephthalic 
30 acid unit content, the ethylene glycol unit content and the diethylene glycol unrt content of the polyester resin were 50.0 
mol%, 48.7 mol% and 1.3 mol%, respectively. The intrinsic viscosity, the melting point, the glass transition point TGa, 
the terminal carbaxyf content and the cyclic trimer content of the polyester resin were 0.82 dl/g, 253°C, 80°C, 24 micro- 
equrvalents/g and 0.35 % by weight, respectively. 

[0160] The thermoplastic polyester resin prepared herein and the same EVOH resin as in Example 1 were moided in 
ss the same manner as in Example 1 to obtain two-resin, three-layered, coinjection stretch blow molded bottles. In the 
body part of each bottle, the inner layer of PES had a mean thickness of 201 \im, the interlayer of EVOH had a mean 
thickness of 18 um, and the outer layer of PES had a mean thickness of 69 u.m. The bottles obtained herein were ana- 
lyzed and evaluated in the same manner as in Example 1. The data are in Tables 1 to 4. 

40 Example 3: 

[0161] A thermoplastic polyester was prepared in the same manner as in example 1, except that 96.000 parts by 
weight of terephthalic acid and 4.000 parts by weight of isophthalic acid were used as the starting monomers in place 
of 100.000 parts by weight of terephthalic acid, and that 0.035 parts by weight of antimony trioxide was used in place 
<s of germanium dioxide. The terephthalic acid unit content, the isophthalic acid unit content, the ethylene glycol unit con- 
tent and the diethylene glycol unrt content of the polyester resin were 48.0 mol%, 2.0 mof%. 48.8 mol% and 1 .2 mo!%, 
respectively. The intrinsic viscosity, the melting point, the glass transition point TGa, the terminal carboxyl content and 
the cyclic trimer content of the polyester resin were 0.85 dl/g, 248°C, 79°C, 23 microequivalerrts/g and 0.30 % by 
weight respectively. 

so [0162] The thermoplastic polyester resin prepared herein and the same EVOH resin as in Example 1 were molded in 
the same manner as in Example 1 to obtain two-resin, three- layered, coinjection stretch blow moided bottles. In the 
body part of each bottle, the inner layer of PES had a mean thickness of 205 pjn, the interlayer of EVOH had a mean 
thickness of 19 ^m, and the outer layer of PES had a mean thickness of 70 um. The bottles obtained herein were ana- 
lyzed and evaluated in the same manner as in Example 1. The data are in Tables 1 to 4. 

55 

Example 4: 

[0163] A thermoplastic polyester was prepared in the same manner as in Example 1, except that 3.700 parts by 
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weight of 1 ,4-cyclohexanedimethanol was used as an additional monomer, and that 0.035 parts by weight of antimony 
trioxide was used in place of germanium dioxide. The terephthalic acid unit content, the 1 ,4-cyclohexanedimethanol unit 
content, the ethylene glycol unit content and the diethylene glycol unit content of the polyester resin were 48.1moI%, 
1 .9mol%, 48.7mol% and 1 .3mol%, respectively. The intrinsic viscosity, the melting point, the glass transition point TGa. 
the terminal carboxyl content and the cyclic trimer content of the polyester resin were 0.85 d!/g, 244°C, 81 °C, 26 micro- 
equivalents/g and 0.29 % by weight, respectively. 

[0164] The thermoplastic polyester resin prepared herein and the same EVOH resin as in Example 1 were molded in 
the same manner as in Example 1 to obtain two-resin, three-layered, coinjection stretch blow molded bottles. In the 
body part of each bottle, the inner layer of PES had a mean thickness of 201 jim, the interlayer of EVOH had a mean 
thickness of 19 [im, and the outer layer of PES had a mean thickness of 69 \im. The bottles obtained herein were ana- 
lyzed and evaluated in the same manner as in Example 1 . The data are in Tables 1 to 4. 



Example 5: 

[0165] A thermoplastic polyester was prepared in the same manner as in Example 1, except that 97.000 parts by 
weight of terephthalic acid and 4.200 parts by weight of 2,6-naphthalenedicarboxylic acid were used as the starting 
monomers in place of 100.000 parts by weight of terephthalic acid, and that 0.035 parts by weight of antimony trioxide 
was used in place of germanium dioxide. The terephthalic acid unit content, the 2,6-naphthalenedicarboxylic acid unit 
content, the ethylene glycol unit content and the diethylene glycol unit content of the polyester resin were 48.4 mol%, 
1.6 mol%, 48.8 mol% and 1.2 mol%, respectively. The intrinsic viscosity, the melting point, the glass transition point 
TGa, the terminal carboxyl content and the cyclic trimer content of the polyester resin were 0.82 dl/g, 247°C, 83°C, 21 
microequivaierrts/g and 0.29 % by weight, respectively. 

[0166] Fig. 8 shows the spectral transmission chart of a sheet of the polyester resin obtained herein. Comparing this 
with the spectral transmission chart of the polyester resin of Example 1 not copolymerized with naphthaJenedicarboxylic 
acid, it is known that the transmittance in the UV region (from 200 to 400 nm) is lowered in the former. This means that 
the sheet of the polyester resin of this Example has good UV-shielding ability. 

[0167] The thermoplastic polyester resin prepared herein and the same EVOH resin as in Example 1 were molded in 
the same manner as in Example 1 to obtain two-resin, three- layered, coinjection stretch blow molded bottles . In the 
body part of each bottle, the inner layer of PES had a mean thickness of 206 urn, the interlayer of EVOH had a mean 
thickness of 22 jim, and the outer layer of PES had a mean thickness of 67 pm. The bottles obtained herein were ana- 
lyzed and evaluated in the same manner as in Example 1 . The data are in Tables 1 to 4. 



Example 6; 

[0168] In this Example, the same thermoplastic polyester resin as in Example 1 was used, but, as the EVOH resin, 
used was EVOH having an ethylene content (ETb) of 38 mol%, a degree of saponification (SDb) of 96.5%, a melt index 
(Mlb, at 190°C under a load of 2,160 g) of 1.6 g/10 min, and a melting point of 162°C. The phosphoric acid radical con- 
tent, the Na ion content, the K ion content and the Mg ion content of this EVOH were measured, and were 1 00 ppm, 50 
ppm, 50 ppm and 30 ppm, respectively. 

[0169] The thermoplastic polyester resin and the EVOH resin were molded in the same manner as in Example 1 to 
obtain two-resin, three-layered, coinjection stretch blow molded bottles. In the body part of each bottle, the inner layer 
of PES had a mean thickness of 202 jim, the interlayer of EVOH had a mean thickness of 19 fim, and the outer layer of 
PES had a mean thickness of 68 ^m. The bottles obtained herein were analyzed and evaluated in the same manner as 
in Example 1 . The data are in Tables 1 to 4. 

[01 70] The thermal stability of EVOH used herein was confirmed as follows: The two resins, EVOH and PES as herein 
were molded into a two-resin, three-layered parison of PES/EVOH/PES, through coinjection molding, for which was 
used the same coinjection stretch blow molding machine as in Example 1 . Concretely, the temperature of the PES injec- 
tion zone was 290°C; the temperature of the EVOH injection zone was 220°C; the temperature of the hot runner block 
in which the two resins, PES and EVOH are combined was 260°C; the temperature of the injection mold core was 1 5°C; 
and the temperature of the injection mold cavity was 15°C. In that condition, the two resins PES and EVOH were kept 
in the injection zones and in the hot runner block for 30 minutes, and thereafter injected into the mold. The parison thus 
molded was yellowed in some degree, but had no gel. Its appearance was good. 



Example 7: 

[0171] In this Example, the same thermoplastic polyester resin as in Example 1 was used, but, as the EVOH resin, 
used was EVOH having an ethylene content (ETb) of 32 mol%, a degree of saponification (SDb) of 97.0 %, a melt index 
(Mlb, at 190°C under a load of 2,160 g) of 1.2 g/10 min, and a melting point of 172°C. The phosphoric acid radical con- 
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terrt. the Na ion content the K ion content and the Mg ion content of this EVCH were measured, and were 90 ppm, 70 
ppm, 50 ppm and 55 ppm, respectively. 

[0172] The thermoplastic polyester resin and the EVOH resin were melded in the same manner as in Example 1 to 
obtain two-resin, three-layered, coinjeclion stretch blow molded bottles. In the body part erf each bottle, the inner layer 
5 of PES had a mean thickness of 202 am. the irrterlayer of EVOH had a mean thickness of 21 ^m, and the outer layer of 
PES had a mean thickness of 69 jam. The bottles obtained herein were analyzed and evaluated in the same manner as 
in Example 1 . The data are in Tables 1 to 4. 

[0173] The thermal stability of EVOH used herein was confirmed as follows: The two resins, EVOH and PES as herein 
were molded into a two-resin, three-layered parison of PES/EVOH/PES. through coinjeclion molding, for which was 

ic used the same coinjection stretch blew molding machine as in Example 1 Concretely, the temperature of the PES injec- 
tion zone was 290°C; the temperature of trie EVOH injection zone was 220°C; the temperature of the hot runner block 
in which the two resins, PES and EVOH are combined was 260°C; the temperature of the injection mold core was 1 5°C; 
and the temperature of the injection mold cavity was 15°C. In that condition, the two resins PES and EVOH were kept 
in the injection zones and in the hot runner block for 30 minutes, and thereafter injected into the mold. The parison thus 

is molded was yellowed in some degree, and had minor gels. 

Example 8: 

[0174] In this Example, the same thermoplastic polyester resin as in Example 1 was used, but, as the EVOH resin, 
20 used was EVOH having an ethylene content (ETb) of 44 mol%, a degree of saponification (SDb) of 97.0 %. a vinyltri- 
methoxysilane content of 0.05 mol%, a melt index (MJb, at 1 S0°C under a load of 2, 1 60 g) of 1 .7 g/1 0 min, and a melting 
point of 153°C. The phosphoric acid radical content the Na ion content, the K ion content and the Mg ion content of this 
EVOH were measured, and were 80 ppm, 80 ppm, 40 ppm and 60 ppm, respectively. 

[0175] The thermoplastic polyester resin and the EVOH resin were molded in the same manner as in Example 1 to 
25 obtain two-resin, three-layered, coinjection stretch blow molded bottles. In the body part of each bottle, the inner layer 
of PES had a mean thickness of 200 \xn\. the interlayer of EVOH had a mean thickness of 20 jim, and the outer layer of 
PES had a mean thickness of 69 p.m. The bottles obtained herein were analyzed and evaluated in the same manner as 
in Example 1. The data are in Tables 1 to 4. 

3G Example 9: 

[0176] In this Example, the same thermoplastic polyester resin as in Example 1 was used, but, as the EVOH resin, 
used was EVOH having an ethylene content (ETb) ot 38 mol%, a degree of saponification (SDb) of 97.0 %, a vinyrtri- 
methoxysilane content of 0.02 mol%, a melt index (Mtb, at 190°C under a load of 2,160 g) of 5.0 g/10min, and a melting 
35 point ol 1 63°C. The phosphoric acid radical content the Na ion content, the K ion content and the Mg ion content of this 
EVOH were measured, and were 100 ppm. 75 ppm, 45 ppm and 55 ppm, respectively. 

[0177] The thermoplastic polyester resin and the EVOH resin were molded in the same manner as in Example 1 to 
obtain two-resin, three-layered, coinjection stretch blow molded bottles. In the body part ot each bottle, the inner layer 
of PES had a mean thickness of 204 ^m the interlayer of EVOH had a mean thickness of 18 um, and the outer layer of 
4c PES had a mean thickness of 67 pjn. The bottles obtained herein were analyzed and evaluated in the same manner as 
in Example 1. The data are in Tables 1 to 4. 

Example 10: 

45 [0178] In this Example, the same thermoplastic polyester resin as in Example 1 was used, but, as the EVOH resin, 
used was EVOH having an ethylene content (ETb) of 38 mol%. a degree of saponification (SDb) of 96.5 %. a boric acid 
content of 230 ppm (in terms of the boron element), a melt index (Mb, at 1 90°C under a load of 2,160 g) of 1 .8 g/1 0 
min, and a melting point of 161°C. The phosphoric acid radical content the Na ion content, the K ion content and the 
Mg ion content of this EVOH were measured, and were 90 ppm. 70 ppm, 45 ppm and 50 ppm. respectively. 

sc [0179] The thermoplastic polyester resin and the EVOH resin were molded in the same manner as in Example 1 to 
obtain two-resin, three-layered, coinjection stretch blow molded bottles. In the body part of each bottle, the inner layer 
of PES had a mean thickness of 201 ^m, the interlayer of EVOH had a mean thickness of 20 jim, and the outer layer of 
PES had a mean thickness of 70 pjn. The bottles obtained herein were analyzed and evaluated in the same manner as 
in Example 1. The data are in Tables 1 to 4. 

55 

Example 1 1 : 

[0180] In this Example, the same thermoplastic polyester resin as in Example 1 was used, but. as the EVOH resin, 
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used was an EVOH composition that had been prepared by dry-blending 100 parts by weight of EVOH having an eth- 
ylene content (ETb1) of 44 mol%, a degree of saponification (SDb1) of 99.8 %, a melt index (Mlb1, at 190°C under a 
load of 2,160 g) of 5.5 g/10 min, and a melting point of 166°C T and 100 parts by weight of EVOH having an ethylene 
content (E7b2) of 44 mol%, a degree of saponification (SDb2) of 97.0 %, a melt index (Mlb2, at 190°C under a load of 

5 2,160 g) of 5.3 g/10 min, and a melting point of 154°C, followed by pelletizing the resulting EVOH blend through a 20- 
mm0 double-screw extruder at 200°C, and then drying the resulting pellets under reduced pressure at 80°C for 16 
hours. The EVOH composition used herein had a melt index (Mlb, at 190°C under a load of 2,160 g) of 5.2 g/10 min 
and a melting point of 161°C. The phosphoric acid radical content, the Na ion content, the K ion content and the Mg ion 
content of the EVOH composition were measured, and were 100 ppm, 80 ppm, 50 ppm and 50 ppm, respectively. Fig. 

10 2 shows the DSC chart of the EVOH composition, in which is seen a single peak for crystal fusion. 

[0181] The thermoplastic polyester resin and the EVOH composition were molded in the same manner as in Example 
1 to obtain two-resin, three-layered, coinjection stretch blow molded bottles. In the body part of each bottle, the inner 
layer of PES had a mean thickness of 203 pm, the interlayer of EVOH had a mean thickness of 18 jam, and the outer 
layer of PES had a mean thickness of 67 jim. The bottles obtained herein were analyzed and evaluated in the same 

is manner as in Example 1 . The data are in Tables 1 to 4. 

[0182] Fig. 5 shows the XPS chart of the exposed EVOH layer at its surface, in which the ratio of the peaks by area, 
PA;PB:PC = 68.09:30.27:1.63, and the value of PC/(PA + PB + PC) was 0.0163 . 

Example 12: 

20 

[0183] In this Example, the same thermoplastic polyester resin as in Example 1 was used, but, as the EVOH resin, 
used was an EVOH composition that had been prepared by dry-blending 100 parts by weight of EVOH having an eth- 
ylene content (ETb1) of 38 mol%, a degree of saponification (SDb1) of 99.8 %, a melt index (Mlb1, at 190°C under a 
load of 2,160 g) of 1.6 g/10 min, and a melting point of 177°C, and 100 parts by weight of EVOH having an ethylene 

25 content (ETb2) of 38 mol%, a degree of saponification (SDb2) of 96.5 %, a melt index (Mlb2, at 190°C under a load of 
2,160 g) of 1.6 g/10 min, and a melting point of 162°C, followed by pelletizing the resulting EVOH blend through a 20- 
mm0 double-screw extruder at 200°C, and then drying the resulting pellets under reduced pressure at 80°C for 16 
hours. The EVOH composition used herein had a melt index (Mlb, at 190°C under a load of 2,160 g) of 1.4 g/10 min 
and a melting point of 166°C (as a single peak in melting). The phosphoric acid radical content, the Na ion content, the 

30 K ion content and the Mg ion content of the EVOH composition were measured, and were 95 ppm, 75 ppm, 50 ppm and 
55 ppm, respectively. 

[0184] The thermoplastic polyester resin and the EVOH composition were molded in the same manner as in Example 
1 to obtain two-resin, three-layered, coinjection stretch blow molded bottles. In the body part of each bottle, the inner 
layer of PES had a mean thickness of 201 pm, the interlayer of EVOH had a mean thickness of 20 pm, and the outer 
35 layer of PES had a mean thickness of 69 urn. The bottles obtained herein were analyzed and evaluated in the same 
manner as in Example 1 . The data are in Tables 1 to 4. 

Example 13: 

40 [0185] In this Example, the same thermoplastic polyester resin as in Example 1 was used, but, as the EVOH resin, 
used was an EVOH composition that had been prepared by dry-blending 100 parts by weight of EVOH having an eth- 
ylene content (ETb1) of 32 mol%, a degree of saponification (SDb1) of 99.8 %, a melt index (Mlb1, at 190°C under a 
load of 2,160 g) of 1.2 g/10 min, and a melting point of 183°C, and 100 parts by weight of EVOH having an ethylene 
content (ETb2) of 32 mol%, a degree of saponification (SDb2) of 97.0 %, a melt index (Mlb2, at 190°C under a load of 

45 2,160 g) of 1.2 g/10 min, and a melting point of 172°C, followed by pelletizing the resulting EVOH blend through a 20- 
mm0 double-screw extruder at 200°C, and then drying the resulting pellets under reduced pressure at 80°C for 16 
hours. The EVOH composition used herein had a melt index (Mlb, at 190°C under a load of 2,160 g) of 1.1 g/10 min 
and a melting point of 177°C (as a single peak in melting). The phosphoric acid radical content, the Na ion content, the 
K ion content and the Mg ion content of the EVOH composition were measured, and were 90 ppm, 75 ppm, 45 ppm and 

so 45 ppm, respectively. 

[0186] The thermoplastic polyester resin and the EVOH composition were molded in the same manner as in Example 
1 to obtain two-resin, three-layered, coinjection stretch blow molded bottles. In the body part of each bottle, the inner 
layer of PES had a mean thickness of 200 pirn, the interlayer of EVOH had a mean thickness of 20 pm, and the outer 
layer of PES had a mean thickness of 70 pm. The bottles obtained herein were analyzed and evaluated in the same 
55 manner as in Example 1 . The data are in Tables 1 to 4. 
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E> ample 14: 



~n1vOH^^ -a le 1 was used , ^ a£ {he EVQH _ 
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manner as in Example l. The data are in Tables 1 to 4 ^ We ana,yze0 ' and evaluat ^ in the same 



^ Example 15: 
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in Example 1 . The data are in Tables 1 to 4. ^ analy2ed and ^ aluated in the same manner as 
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v ujmot mof/ 0( a degree of saponification (SDb) of 94.8 
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%, a melt index (Mlb, at 190°C under a load of 2,160 g) of 6.8 g/10 min, and a melting point of 141°C. The phosphoric 
acid radical content, the Na ion content, the K ion content and the Mg ion content of this EVOH were measured, and 
were 80 ppm, 75 ppm, 35 ppm and 25 ppm, respectively. 

[0195] The thermoplastic polyester resin and the EVOH resin were molded in the same manner as in Example 1 to 
obtain two-resin, three-layered, coinjection stretch blow molded bottles. In the body part of each bottle, the inner layer 
of PES had a mean thickness of 197 ^m, the interlayer of EVOH had a mean thickness of 16 *im, and the outer layer of 
PES had a mean thickness of 73 yim. The bottles obtained herein were analyzed and evaluated in the same manner as 
in Example 1 . The data are in Tables 1 to 4. 

Comparative Example 3: 

[0196] In this Comparative Example, the same thermoplastic polyester resin as in Example 1 was used, but, as the 
EVOH resin, used was EVOH having an ethylene content (ETb) of 48 mol%, a degree of saponification (SDb) of 99.7 
%, a vinyltrimethoxysilane content of 0.02 mol%, a melt index {Mlb, at 190°C under a load of 2,160 g) of 6.4 g/10 min, 
and a melting point of 159°C. The phosphoric acid radical content, the Na ion content, the K ion content and the Mg ion 
content of this EVOH were measured, and were 100 ppm, 80 ppm, 45 ppm and 60 ppm, respectively. 
[0197] The thermoplastic polyester resin and the EVOH resin were molded in the same manner as in Example 1 to 
obtain two-resin, three-layered, coinjection stretch blow molded bottles. In the body part of each bottle, the inner layer 
of PES had a mean thickness of 204 jim. the interlayer of EVOH had a mean thickness of 17 ^m. and the outer layer of 
PES had a mean thickness of 67 pirn. The bottles obtained herein were analyzed and evaluated in the same manner as 
in Example 1 . The data are in Tables 1 to 4. 

Comparative Example 4: 

[0198] In this Comparative Example, the same thermoplastic polyester resin as in Example 1 was used, but. as the 
EVOH resin, used was EVOH having an ethylene content (ETb) of 48 mol%, a degree of saponification (SDb) of 99.4 
%, a melt index (Mlb. at 190°C under a load of 2,160 g) of 14.4 g/10 min, and a melting point of 155 3 C. The phosphoric 
acid radical content, the Na ion content, the K ion content and the Mg ion content of this EVOH were measured, and 
were 100 ppm, 50 ppm, 25 ppm and 20 ppm, respectively. 

[0199] The thermoplastic polyester resin and the EVOH resin were molded in the same manner as in Example 1 to 
obtain two-resin, three-layered, coinjection stretch blow molded bottles. In the body part of each bottle, the inner layer 
of PES had a mean thickness of 205 jim, the interlayer of EVOH had a mean thickness of 6 »im, and the outer layer of 
PES had a mean thickness of 75 jim. The bottles obtained herein were analyzed and evaluated in the same manner as 
in Example 1. The data are in Tables 1 to 4. 

Comparative Example 5: 

[0200] In this Comparative Example, the same thermoplastic polyester resin as in Example 1 was used, but, as the 
EVOH resin, used was EVOH having an ethylene content (ETb) of 38 mol%, a degree of saponification (SDb) of 99.8 
%, a melt index (Mlb, at 190°C under a load of 2,160 g) of 1.6 g/10 min, and a melting point of 177°C. The phosphoric 
acid radical content, the Na ion content, the K ion content and the Mg ion content of this EVOH were measured, and 
were 80 ppm, 60 ppm, 45 ppm and 50 ppm, respectively. 

[0201] The thermoplastic polyester resin and the EVOH resin were molded in the same manner as in Example 1 to 
obtain two-resin, three-layered, coinjection stretch blow molded bottles. In the body part of each bottle, the inner layer 
of PES had a mean thickness of 202 jim, the interlayer of EVOH had a mean thickness of 16 urn, and the outer layer of 
PES had a mean thickness of 69 jim. The bottles obtained herein were analyzed and evaluated in the same manner as 
in Example 1 . The data are in Tables 1 to 4. 

Comparative Example 6; 

[0202] In this Comparative Example, the same thermoplastic polyester resin as in Example 1 was used, but. as the 
EVOH resin, used was EVOH having an ethylene content (ETb) of 32 mol%, a degree of saponification (SDb) of 99.8 
%, a melt index (Mlb, at 190°C under a load of 2,160 g) of 1.2 g/10 min, and a melting point of 183°C. The phosphoric 
acid radical content, the Na ion content, the K ion content and the Mg ion content of this EVOH were measured, and 
were 70 ppm, 55 ppm, 50 ppm and 55 ppm, respectively. 

[0203] The thermoplastic polyester resin and the EVOH resin were molded in the same manner as in Example 1 to 
obtain two-resin, three-layered, coinjection stretch blow molded bottles. In the body part of each bottle, the inner layer 
of PES had a mean thickness of 200 jim, the interlayer of EVOH had a mean thickness of 20 jim, and the outer layer of 
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PES had a mean thickness of 70 jim. The bottles obtained herein were analyzed and evaluated in the same manner as 
in Example 1 . The data are in Tables 1 to 4. 

Comparative Example 7: 

5 

[0204] In this Comparative Example, the same thermoplastic polyester resin as in Example 1 was used, but. as the 
EVOH resin, used was EVOH having an ethylene content (ETb) of 20 mol%, a degree of saponification (SDb) of 96.5 
%, a melt index (M!b, at 190°C under a load of 2,160 g) of 1.1 g/10 min, and a melting point of 188*0. The phosphoric 
acid radical content, the Na ion content, the K ion content and the Mg ion content of this EVOH were measured, and 

70 were 80 ppm, 70 ppm, 60 ppm and 55 ppm, respectively. 

[0205] The thermoplastic polyester resin and the EVOH resin were molded in the same manner as in Example 1 to 
obtain two-resin, three-layered, coinjection stretch blow molded bottles. In the body part of each bottle, the inner layer 
of PES had a mean thickness of 203 urn, the interlayer of EVOH had a mean thickness of 1 7 urn, and the outer layer of 
PES had a mean thickness of 68 ^m. The bottles obtained herein had many gels. These were analyzed and evaluated 

75 in the same manner as in Example 1 . The data are in Tables 1 to 4. 

Comparative Example 8: 

[0206] In this Comparative Example, the same thermoplastic polyester resin as in Example 1 was used, but. as the 
20 EVOH resin, used was EVOH having an ethylene content (ETb) of 44 mol%, a degree of saponification (SDb) of 90.0 
%, a melt index (Mlb, at 190°C under a load of 2,160 g) of 5.3 g/10 min, and a melting pant of 136°C. The phosphoric 
acid radical content, the Na ion content, the K ion content and the Mg ion content of this EVOH were measured, and 
were 90 ppm, 50 ppm, 55 ppm and 40 ppm, respectively 

[0207] The thermoplastic polyester resin and the EVOH resin were molded in the same manner as in Example 1 to 
25 obtain two-resin, three-layered, coinjection stretch Wow molded bottles. In the body part of each bottle, the inner layer 
of PES had a mean thickness of 204 ^m the interlayer of EVOH had a mean thickness of 1 7 yn\, and the outer layer of 
PES had a mean thickness of 67 ^m. The bottles obtained herein had many gels. These were analyzed and evaluated 
in the same manner as in Example 1 . The data are in Tables 1 to 4. 

30 Comparative Example 9: 

[0208] In this Comparative Example, the same thermoplastic polyester resin as in Example 1 was used, but, as the 
EVOH resin, used was an EVOH composition that had been prepared by dry-blending 100 parts by weight of EVOH 
having an ethylene content (ETb1) of 32 mol%, a degree of saponification (SDb1) of 99.8 %, a melt index (Mlbl, at 

35 190°C under a load of 2,160 g) of 1 .6 g/10 min, and a melting point of 183°C, and 100 parts by weight of EVOH having 
an ethylene content (ETb2) of 80 mol%, a degree of saponification (SDb2) of 90.0 %, a mett index (Mlb2, at 190°C 
under a load of 2,160 g) of 38 g/10 min, and a melting point of 109°C. followed by pelletizing the resulting EVOH blend 
through a 2O-mm0 doubfe-screw extruder at 200° C. and then drying the resulting pellets under reduced pressure at 
80°C for 16 hours. The EVOH composition used herein had a melt index (Mlb, at 190°C under a load of 2,160 g) of 2.6 

40 g/10 min, and gave two peaks at 183°C and at 108°C in melting it The phosphoric acid radical content, the Na ion con- 
tent, the K ion content and the Mg ion content of the EVOH composition were measured, and were 45 ppm, 40 ppm, 35 
ppm and 30 ppm, respectively. Fig 3 shows the DSC chart of the EVOH composition, in which are seen two peaks for 
crystal fusion. 

[0209] The thermoplastic polyester resin and the EVOH composition were molded in the same manner as in Example 
45 1 to obtain two- resin, three-layered, coinjection stretch blow molded bottles. In the body part of each bottle, the inner 
layer of PES had a mean thickness of 204 jim, the interlayer of EVOH had a mean thickness of 19 nm, and the outer 
layer of PES had a mean thickness of 69 urn The bottles obtained herein had many gels. These were analyzed and 
evaluated in the same manner as in Example 1 . The data are in Tables 1 to 4. 
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Table 4 



Evaluation of Bottles 




Frequency of Delamina- 
tion 


Haze Value 


Oxygen Transmission 
Rate 




% 


% 




Example 1 


6 


2.7 


0.1 16 


Example 2 


8 


4.2 


0.1 24 


Example 3 


4 


2.2 


0.120 


Example 4 


2 


2.0 


0.1 20 


Example 5 


3 


2.3 


0.109 


Example 6 


4 


2.5 


0098 


Example 7 


3 


2.4 


0.076 


Example 8 


5 


2.6 


0.108 


Example 9 


4 


2.5 


0.92 


Example 10 


6 


2.5 


0.93 


Example 1 1 


5 


2.8 


0.101 


Example 12 


4 


2.7 


0.078 


Example 13 


3 


2.7 


0.065 


Example 14 


6 


2.8 


0.091 


Example 15 


5 


2.6 


0.072 


Comparative Example 1 






0.086 


Comparative Example 2 


5 


2.7 


0.283 


Comparative Example 3 


14 


2.9 


0.113 


Comparative Example 4 


28 


2.8 


0.192 


Comparative Example 5 


83 


3.2 


0.063 


Comparative Example 6 


82 


3.5 


0.052 


Comparative Example 9 


76 


3.3 


0.271 


Comparative Example 8 


5 


2.4 


0.324 


Comparative Example 7 


45 


10.3 


0.203 



*1) ml/bottle • day • aim 



[0210] From the data as above, it is known that the blow molded containers of Examples 1 to 15, each of which com- 
prises a thermoplastic polyester layer (layer aj and an ethylene-vinyl alcohol copolymer layer (layer b), with the layer a 
being kept in direct contact with the both surfaces of the layer & and in which the ethylene-vinyl alcohol copolymer sat- 
isfies the following formulae (1) and (2) and its differential scanning calorimetry (DSC) gives a single peak for crystal 
fusion: 

25^ETb^48 ( 1 ) 
92 <; SDb < 99 (2) 



wherein; 
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ETb indicates the e,hy.ene content ( TO I%) of the ethylene-vinyl alcohol copolymer and 
SDb ,nd,cates the degree of saponrfication ( % ) of the ethylene-viny. alcoho^m" 

could not attain the effect of the invention. Specifically the freTencv nf ^ T^'" 9 ^ re ^ iren ™'s as above 
EVOH has a degree of saponification SDb ofKn «7S, f elam.naton of comparative bottles in which 
10 %. irrespective of the ethylene content of EVOH ^ZnatoZ On T ^ 3 ' 4 ' 5 ^ *> * larger than 

» comparative bottles in which EVOH has a degree of s^oSSioJ SDh ^ L °, ^ ^ QaS barrier <* 
are very poor. In addition, EVOH having suc^T a s^Soree^ «f ™^ ^ 92 % < com P^tive Example 8) 
moldings comprising i, shall have much gels. ThTga b ar ri e o^«~T haS p0or ,her ™' stability, and the 
content, ETb. of EVOH is too high (Comparative ExaW € 2 ar a ^ l r ° T? W b0ttleS in ^ ,he e,h >" ene 
parative bottles in which the ethylene content ETb ofE^/OH^s ™* ,rSqUenCy °' delami "afion of corn- 

's s.nce EVOH with such a low ethy.ene content ^te M^^J*^*" EXample is hi 9 h ,n addition, 
the bottles comprising it are low. P meN Stab " rt * and before, the gas barrier properties of 

[0212] As in Comparative Example 9 where two diffAren* cuou w ^ 

the ethylene content and the degree of' ss££^™J^£^ ^ fr0m each *er with respect to 
of the EVOH composition g, ves two peaks for aystel fusionT B f th EV ° H """P^ion. the DSC char, 

- degree of saponification of the EVOH I compSfon 2 il the d^ni ^ COntent and ^ 

the invention , nat is directed to the r^^^^^'JS^.^ L his «*« «>uld not attain the object of 
the EVOH composition shall have low transparency " de ' am,na,,0n ' ^ the moldings comprising 

S airsr di^^; ^i'ssi^ r r bined to — evoh 

» EVOHs both fell within predetermined rangesT^ charf^f iTclnu " s ^'^ b«wen the two 

all give a angle peak for crystal fusion, and those EVOH tnZ^ 1 ? =° m P°s«i°ns in those Examples 1 1 to : 5 
[0214] In the EVOH composition of which the DSC mp0Srt, ° ns atta,n tne °< ^ invention, 
the two EVOHs w, be in .S^CSdSSS TS!Zi ^ ^ * iS ^ »« 

have low transparency and poor anamination resistancT 9 compnang the EVOH composrtion will 

[0215] Comparing the data in Examples 11 12 and 13 'with thn« ■„ c 

S f S rb f er M ^ 

Sntro^T^ -e— to spec*, embodiments thereof. ,t .„ be 

the spirit and scope thereof. 9 * d modrflca *°"s «n be made therein without departing from 

Claims 

h. wherein the ethyiene-v.nyi alcohoTcopolyme SeTft-S^'"^ ""^ "* ,he ^ surfaces °»»»layer 
ning cabrimetry (DSC) gives a single 2 ^for crystal ft ision ' ° } ^ (2) and itS ditferen,ial scan " 



wherein; 



25 < ETb < 48 

(1) 

92 < SDb <: 99 

(2) 



ETb indicates the ethylene content (mol%) of the ethylene vinvi a i^h i 
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A coinjection stretch blow molded container comprising a thermoplastic polyester layer (layer a) and an ethylene- 
vinyl alcohol copolymer layer (layer b), with the layer a being kept in direct contact with the both surfaces of the layer 
& wherein the X-ray photoelectron spectroscopy (XPS) of the surface of the layer as exposed by peeling the lay- 
ers a and b of the body of the container at their interface gives a pattern that satisfies the following formula (3): 

0.015 < PC/(PA + PB + PC) < 0.3 (3) 

wherein; 

PA indicates the area of the highest peak (peak A) of the peaks for the binding energy of C 1s electrons, 

PB indicates the area of the peak (peak B) appearing in the side higher by from 1 .1 to 1.8 eV than the position 

of the peak A, and 

PC indicates the area of the peak (peak C) appearing in the side higher by from 3.6 to 4.3 eV than the position 
of the peak A. 

The coinjection stretch blow molded container as claimed in claim 2, wherein the ethylene-vinyl alcohol copolymer 
satisfies the following formulae (1) and (2) and its differential scanning calorimetry (DSC) gives a single peak for, 
crystal fusion: 

25^ETb^48 0) 
92 ^ SDb <, 99 (2) 

wherein; 

ETb indicates the ethylene content (moi%) of the ethylene-vinyl alcohol copolymer, and 
SDb indicates the degree of saponification (%) of the ethylene-vinyl alcohol copolymer. 

The coinjection stretch blow molded container as claimed in any one of claims 1 to 3, wherein the thermoplastic 
polyester has an intrinsic viscosity IVa (dl/g) that satisfies the following formula (4), and the ethylene-vinyl alcohol 
copolymer has a melt index Mlb (g/1 0 min, at 1 90°C under a load of 2, 1 60 g) that satisfies the following formula (5): 

0.60 <; IVa <; 0.90 ( 4 ) 

0.1 < Mlb <, 10 (5) 

The coinjection stretch blow molded container as claimed in any one of claims 1 to 4, wherein the ethylene-vinyl 
alcohol copolymer is a mixture of two ethylene-vinyl alcohol copolymers (bl, b2) in a ratio by weight (b1/b2) falling 
between 10/90 and 90/10, and satisfies the following formulae (6) to (11): 



25 <. ETb1 <, 48 


(6) 


99 < SDb1 


(7) 


25 <. ETb2 <, 48 


(8) 


92 <. SDb2 £ 99 


(9) 


|ETb2 - ETb1| £ 8 


(10) 


1 <;(SDb2-SDb1):£8 


(11) 



wherein; 

ETb1 indicates the ethylene content (mol%) of the ethylene-vinyl alcohol copolymer (b1). 
SDb1 indicates the degree of saponification (%) of the ethylene-vinyl alcohol copolymer (b1), 
ETb2 indicates the ethylene content (moi%) of the ethylene-vinyl alcohol copolymer (b2), and 
SDb2 indicates the degree of saponification (%) of the ethylene-vinyl alcohol copolymer (b2). 
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1.35* Das 1.37 
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